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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.*

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.

1http://sci ence;jeksite.org/infol/pages/page2.htm
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Part |. Motivation and foundation

A recent Whitepaper2 cited that great strides have been made in healthcare data interoperability in the past decade...
the vast majority of clinicians and patients have access to some portion of their health datain electronic format, thanks
to the proliferation of electronic health record (EHR) systemsinstalled in clinical care environments. The datain 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 contained 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 problems identified as part of this analysis 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 statusinformation
for medications (6.7% of sampled documents)®.

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. This is the next great challenge to conquer for health data interoperability to
positively influence patient outcomes nationwide through clinical decision support.

SOLOR (System of Logical Representation) isan effort that is directly tackling these issues of representation. SOLOR
isan integrated medical terminology system, based on the overlapping but distinct terminology systems of SNOMED,
LOINC and RxNorm. SOLOR was designed to unambiguously define what can be measured (concepts). Working
hand in hand with SOLOR, there needs to be a clinical statement model, of which there are quite afew (HL7 FHIR,
CIMI, ANF) which defines how to record a measurement. M easurements may be quantitative or existential.

The following diagram shows how SOLOR and clinical statement models are interrelated in the architectural stack:

zJohn D. Amore, et. a; “Interoperability Progress and Remaining Data Quality Barriers of Certified Health Information Technologies’, July 6, 2018
Ibid, Page 6
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Figure 1. Architectural Stack - proposed new graphics
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CIMI ANF... umericaland Subject of Information

Assertional Knowledge

Procedural Knowledge

Current challenges include the following:

1. Further tooling and guidance need to be developed to be able to show how concepts can be modeled in SOLOR
and particular statement models applied

2. Gaps need to be addressed in the various statement models in terms of representing measurements consistently,
especially with existential (non-quantitative) measurements

ab
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1. SOLOR

Let metry to explain to you, what to my tasteis characteristic for all intelligent thinking.
Itis, that oneiswilling to study in depth an aspect of one's subject matter inisolation for
the sake of its own consistency... ...It iswhat | sometimes have called "the separation of
concerns', which, even if not perfectly possible, is yet the only available technique for
effective ordering of one's thoughts, that | know of.

A scientific discipline emerges with the—usually rather slow!—discovery of which as-
pects can be meaningfully "studied in isolation for the sake of their own consistency”,
in other words. with the discovery of useful and helpful concepts. Scientific thought
comprises in addition the conscious search for the useful and helpful concepts.
—Edsger W. Dijkstra

Theessential challenge of informatics practice within the healthcare enterprise, isto quickly deliver ahigh-
fidelity reasoned interpretation of principles and facts to 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 topicsis not because we think that novelty has no placein 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 development and delivery in an efficient manner.

1.1. The Menagerie

All architecture is design but not all design isarchitecture. Architecture represents the significant design
decisions that shape a system, where significant is measured by cost of change.
—Grady Booch

Health Informatics Architecture is a clinical and technical discipline that is concerned with the represen-
tation of clinical knowledge, clinical organizational information and patient-specific clinical data within
health information systems and with the technical methodol ogies used to processthat datafor patient care,
quality assurance, and other secondary uses.

The importance of defining informatics architecture is in part illustrated by the current state of affairs
surrounding informatics architecture. Today, a menagerie of inconsistent and overlapping terminology,
information, and messaging models hinders Clinical Decision Support efforts that try to store and analyze
encoded clinical data. The current complexity encountered when trying to integrate these model s—and the
lack of coherence between (and sometimes within) the models themselves—must be overcome to build a
foundation for scalable and extensible clinical decision-support architecture.

We believe that defining—and validating—a coherent informatics architecture is a first step to enable
implementation of meaningful clinical decision support that can be shared between organizations.

1.2. Semantic interoperability architecture

The semantic interoperability architecture is concerned with the export and import of knowledge and data
from this architecture to another that does not share the same semantic foundation. This semantic interop-
erability architecture would not be necessary if all systems shared the same foundational architecture, but
such homogeneity is unrealistic at this time. Defining the semantic interoperability architecture will be a
follow-on activity after the basics of the foundational architecture are defined and validated. As such, the
semantic interoperability architecture is not afocus of this document at thistime.
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While defining the particulars of the semantic interoperability architecture is not the current focus, we
are concerned with builidng a foundation that will support semantic interoperability. We achieve this
foundation in two ways:

1. Useof SNOMED CT, RxNorm, and LOINC as the primary building blocks for the foundational archi-
tecture.

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.

Semantic interoperability of systems that do not share a common foundation may be challenging or
unattainable. Although we may seek interoperability, it may be far easier to obtain semantic operability
through shared coherent architecture. The more common the foundations of systems that attempt to inter-
operate, the more likely successful interoperability may be achieved.

1.3. Life-critical systems

1.3.1.

1.3.2.

1.3.3.

SOLOR must support many use cases, some of which arelife-critical. The architecture must do its part to
ensure timely and correct diagnosis, prevention, and/or treatment with correct dose to the correct patient.
If the system supporting these use cases fails or malfunctions, death, serious injury, failure of timely di-
agnosis, or failure of disease prevention may result.

We must be equally concerned with circumstances where systems give incorrect information (such as ad-
vising a particular medication to treat a condition when the patient is known to be alergic to that medi-
cation), as well as circumstances where systems fail to give potentialy life saving information (such as
failing to identify potential fatal interactions between patient’ s known medical conditions and a proposed
treatment plan).

The architecture must provide a framework within which life-critical systems support can be developed,
but the responsibility of properly utilizing that framework lies with the implementation of the architectural
components.

If the architecture provides for safety, then all systems that build upon that architecture can redlize the
safety benefits inherent in the architecture’ s design.

Provenance

Evidence-based medicine requires that all evidence represented in the environment have a known prove-
nance—an accounting of the original source of the information, and any subsequent processing that infor-
mation has gone through. This provenance is essential to provide justification of recommendationsto the
end user, and to properly curate the evidence used by the system to make recommendations.

Audit trail

The architecture must provide for an audit trail of documentary evidence of the sequence of activities that
result in any changes to the declarative or procedural knowledge provided within the architecture.

Medical device suitability

A medical device is any item that treats, diagnoses, or monitors patients. Medical devices have come
to increasingly rely on complex embedded software. This software needs to ensure patient safety and
meet regulations set by agencies like the Food and Drug Administration (FDA). Coherent informatics
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1.3.4.

1.3.5.

architecture is afoundation that medical devices should be able to depend upon. As such, the architecture
must enable an application to meet requirements for embedded medical device software.

Quality assurance

Part of the quality assurance process for life-critical systems must include a hazard analysis, where the
types of mistakesthat could be present in asystem are categorized by potential severity of an event caused
by a defect and likelihood of encountering such a defect.

The severity levels are typicaly:
Catastrophic: defect results in multiple fatalities
Hazardous: defect resultsin serious or fatal injury
Major: defect resultsin major injury or illness
Minor: defect resultsin discomfort or minor illness
No safety effect: defect resultsin no consequences
The likelihood of encountering a defect are typically represented as:
Probable: Probability of occurrence per operational hour > 1 x 10-5
Remote: Probability of occurrence per operational hour > 1 x 10-7
Extremely remote: Probability of occurrence per operational hour > 1 x 10-9
Extremely Improbable: Probability of occurrence per operational hour < 1 x 10-9

The quality assurance process must be able to ensure that the level of quality assurance applied to acom-
ponent of the system must be proportional to its severity and likelihood, and should result in quantitative
assessments of the risk of encountering defects of different types.

The quality assurance must also consider the probably of defects from interacting with data encoded with
previous versions of the system. Ensuring the quality of operations over historical data is a relatively
unique concern for a health-focused informatics architecture.

Encoded knowledge is software

Encoded knowledge elements—concepts, descriptions, logical definitions, clinical facts, and clinical rules
—are software instructions executed by acomputer. Just as java bytecodes are the form of instructionsthe
Javavirtual machine executes, encoded knowledge elements are the form of instructions executed by ter-
minology servers, semantic query engines, and various forms of expert systems (rule based, or otherwise).

As encoded knowledge is software, we must provide for the same tight controls for encoded knowledge
development as we would for any other software that was a component of alife-critical system.

Encoded knowledge cannot be an afterthought or a design element that is not architecturally significant.
Applying encoded knowledge to clinical datais afundamental purpose of clinical information systems.

As knowledge is software, we must recognize that:

» The vast mgjority of knowledge encoding problems is traceable to errors made during the design and
development process.
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» Typicaly, testing alone cannot fully verify that encoded knowledge is complete and correct. In addition
to testing, other verification techniques and a structured and documented devel opment process should
be combined to ensure a comprehensive validation approach.

» Encoded knowledge may improve with age, as latent defects are discovered and removed. However,
as knowledge is constantly updated and changed, such improvements are sometimes countered by new
defects introduced during the change.

» Seemingly insignificant changesin encoded knowledge can create unexpected and very significant prob-
lems elsewhere. The development process should be sufficiently well planned, controlled, and docu-
mented to detect and correct unexpected results from encoded knowledge changes.

(Adapted from General Principles for Software Validation

The architecture must play its role in ensuring the quality of encoded knowledge. Principles of modular-
ization, standardization, quality measurement, configuration management, and management of changing
knowledge over time must be part of the architectural design.

1.4. Architectural Challenges

1.4.1.

Defining guidelines for an evolutionary architecture for the next decade is not an easy task.[30]

How did we end up with a menagerie instead of a productive ecosystem? Before we embark on our next
adventure, we should spend time to understand how we got where we are, and how we may avoid making
the same mistakes. Thereare several antipatternsthat are pervasivein health IT systems. These antipatterns
include accidental complexity, design by committee, and stovepipe. These antipatterns are discussed in the
following sections.

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-
avoidable, accidental complexity is caused by the approach chosen to solve the problem.[49]

Some exampl es of accidental complexity as they relate to informatics are described in the following sec-
tions.

1.4.1.1. Semantic-laden identifiers

Solving adistributed identifier allocation problem by using namespaces that are assigned to organizations
(or committeesin the case of HL 7), semantics are often introduced into theidentifier, which some devel op-
ersused to identify what organization created the components that where 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.

1.4.1.2. 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
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release, actually retiring it in asubsequent release, and creating an essentially identical component with an
identifier derived from the new organizations namespace, and the need for creation of mapping solutions
to keep historical relationships between components retired for these reasons to the current concepts that
replace them.

Again, reliance on UUIDs rather than on identifiers with derivable semantics would eliminate this com-
plexity.

1.4.1.3. Post-coordination

Terminology models sometimes make it hecessary 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.

1.4.1.4. Accidental complexity solutions

1.4.2.

Accidental complexity must be minimized in 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

1.4.2.1. 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 developersto realize the specifications in areasonable time
frame.

1.4.2.2. Interoperability at the expense of operability

Interoperability provides an illusion of operability between disparate systems, and therefore there is no
need to standardize.

1.4.2.3. Design by committee solutions

1.4.3.

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.[36]

If every subsystem has a unique interface, then the system is overly complex. Absence of common mul-
tisystem conventions is a key problem for systems. For example, currently, essentially no terminology
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systems are the same with regard to their representation and semantics, despite the requirement that they
must work together.

1.4.3.1. 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 all have representations for Amoxi-
cillin. In LOINC, Amoxicillin is atextual value in the has-component field of the concept:

AMOXI Cl LLI N [ MASS/ VOLUME] | N SERUM OR PLASMA
HAS- COMPONENT:  AMOXI CI LLI' N

While SNOMED CT has the concept:

AMOXI CI LLI N MEASUREMENT ( PROCEDURE)
COVPONENT:  AMOXI Cl LLI N ( SUBSTANCE)

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

From an end-users perspective, the artificial separation and uncoordinated development of these important
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 Institute (owners of LOINC) will change the coordination of these two systemsin a
significantly helpful way.

Although SNOMED CT and LOINC are classic examples of overlapping and unreconciled models, there
aremany other examples. The UML S Source Rel ease Documentation identifies 169 sources, most of which
are uncoordinated, and have independent models. These overlapping and unreconciled models create an
unnecessary burden for the implementer.

1.4.3.2. 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-9-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 really 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?

10
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1.4.3.3. Stovepipe solutions

1.4.4.

The primary solution for the stovepipe systems we are working with is to break down the barriers that
prevent collaborative development of content, tools, processes, and ultimately architecture.

Today, deployment delay is not a significant issue because clinical decision support is nascent, and phar-
macy, laboratory, and clinical systems are poorly integrated. However, if we successfully create com-
pelling decision support on an integrated platform, coordination of development and rel ease cycles among
clinical terminologies, logical representation, clinical facts, and clinical knowledge bases will become
increasingly important. We must prepare for success and work to better coordinate devel opment among
dependent components.

In [new reference] Architectural opportunities we outlined many opportunities that are helping to break
down those barriers. Here we propose |everaging those opportunities. Those opportunitiesinclude acquisi-
tion 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.

A collaborative path forward

The Health Information Technology Standards Committee (HI TSC) isafederal advisory committee which
provides recommendations on health IT standards. They have identified SNOMED CT, RxNorm, and
LOINC askey clinical vocabularies for Meaningful Use and for HIPAA transactions.

We plan to collaborate closely with these systems—indeed we plan to found the entire architecture on top
of them—rather than treat them as an architectural afterthought. As these systems are foundational, we
plan to collaborate closely and directly contributieto SNOMED CT, RxNorm, and LOINC when possible.

1.5. SOLOR enabling milestones

1.5.1.

1.5.2.

While our current state of affairsisless than desired, there has been tremendous work and good progress
over the last 25 years. Our challenge today is to leverage these works to form the coherent architecture
we seek. In the following subsections, we describe the an incomplete inventory of systems that provide
architectural opportunities we hope to leverage.

Unified Medical Language System

In 1986, the National Library of Medicine (NLM) began along-term research and development project to
build the Unified Medical Language System (UMLS®). The purpose of the UMLS isto aid the devel op-
ment of systemsthat help health professionals and researchersretrieve and integrate el ectronic biomedical
information from avariety of sources. REF-UMLS FIX.

The UML Sefforts have been instrumental in focusing attention onissues surrounding clinical terminology,
aswell as providing means of interoperation between different terminology systems. We hopeto leverage
knowledge gained viathe UMLS experience—as well as content devel oped and curated as part of UMLS
efforts—to bootstrap our efforts.

SNOMED RT support for description logic

Kaiser Permanente developed SNOMED RT (Reference Terminology) and donated its work to the Col-
lege of American Pathologists in the hope that a robust standard for encoding clinical datawould evolve.
SNOMED RT wasfirst released in 2000.
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1.5.3.
tion

1.5.4.

SNOMED RT wasthefirst clinical terminology outside of aresearch environment to use description-logic
as its knowledge representation foundation. This effort made a distinction between reference uses of ter-
minology (usesrelated to knowledge representation and retrieval) and interface uses of terminology (uses
related to correctness and efficiency of user datainput).

SNOMED RT was designed to complement the broad coverage of medical conceptsin SNOMED RT with
aset of enhanced features that significantly increasesits value as a reference terminology for representing
clinical data. SNOMED RT represented multiple hierarchies and incorporates description logic.

SNOMED CT support for user interface customiza-

SNOMED CT (Clinical Terms) wasfirst released in 2002. A distributed team within the US and the United
Kingdom integrated SNOMED RT and the UK's Clinical Terms Version 3 (formerly known as the Read
Codes) intoasingleterminology. SNOMED CT has become the most comprehensive, multilingual clinical
healthcare terminology in the world.

SNOMED CT introduced expanded dialect support that allows language customization to be represented
as acore component of SNOMED CT. Thisintegrated approach eliminates the expensive and error-prone
approach of mapping interface terminologies to reference terminologies.

In addition to the expanded dialect support, SNOMED CT introduced reference extensions—a standard
means to extend terminology content by referencing component identifiers. These reference extensions
provide means to specify alternative taxonomy navigation, ordering of items in taxonomy lists, and other
essential features of interface terminology.

This new SNOMED CT framework created a means by which an integrated terminology system could
provide for interface and reference needs of clinical systems.

Standard extension model

SNOMED CT does not cover al the concepts required for representation of clinical conceptsin theinfor-
matics architecture. Therefore, we must have a standard model to extend resources, and to contribute the
extensions to responsible organizations when appropriate.

The SNOMED CT extension model provides such a standard model for extension that we can build upon.
Organizations are currently using this standard extension model with success.

1.5.4.1. Spanish extension

The Spanish extension of the International Release is updated each year in April and October. Al-
though Spanish is the first language extension to SNOMED CT, it is not the only language extension.
SNOMED CT is currently available in American English, British English, Spanish, Danish and Swedish,
with other translations under way or nearly completed in French and Dutch.

1.5.4.2. United Kingdom SNOMED CT extension

The British National Health Service produces 2 extensions to SNOMED CT. The UK Clinical Extension,
and the UK Drug Extension.

1.5.4.3. United States SNOMED CT extension

The US Extension to SNOMED CT® is a listing of the concepts, descriptions, relationships and their
history for terminology content accepted by the NLM as aformal extension to the SNOMED CT Interna-
tional Release.

12



Draft

SOLOR Draft

The main purposes of the US Extension to SNOMED CT are to:

1. Provide“rapid” accessto concept I Dsfor use by implementers, pending action by IHTSDO on content
submissions likely to be added to the SNOMED CT International Release.

2. Provide standard terminology needed for US clinical use cases, but not generally useful in other coun-
tries, e.g., regulatory or legislatively mandated terms specific to the US.

The US Extension includes both active and inactive content that is harmonized with the most recently
published version of the SNOMED CT International Release. As the content of the extension grows and
undergoes consistent review, realignment and harmonization with the International Release, users should
expect changes to the US Extension related to all future releases of SNOMED CT.

The US Extension is being developed to facilitate the use of SNOMED CT as the primary coding termi-
nology for clinical information in electronic health records, research data bases and clinical trials databas-
es, except in the domains of medications and |aboratory tests, which are covered by RxNorm and LOINC
respectively. Aslocal vocabularies often provide variable ways of representing commonly used concepts,
the use of acommon set of SNOMED CT conceptswill maximize datainteroperability among institutions.
Usersunableto find termsthey think are appropriate should contact the NLM to request additional content
to the US Extension. Content suitable for inclusion in the International Release may be submitted by NLM
to the IHTSDO contemporaneously with its evaluation, modeling and 1D assignment in the US Extension.
If accepted into the International Release, the corresponding US Extension entries will be linked to the
International Release content and labeled as “retired” in the US Extension.

1.5.4.4. Australian SNOMED CT extension

1.5.5.

1.5.6.

SNOMED CT Australian Release (SNOMED CT-AU) isthe Australian extension to SNOMED CT, pro-
viding local variations and customizations of terms relevant to the Australian healthcare community. It
includes the international resources along with all Australian devel oped terminology and documentation
for implementation in Australian clinical IT systems.

RxNorm

Pharmacy related matters are of massive importancein our health care system. For example, adverse drug
events (ADES) comprisethelargest single category of adverse events experienced by hospitalized patients,
accounting for about 19 percent of all injuries. Clinical information systems can play a critical role in
preventing such injuries, and in ensuring proper prescribing practices.

RxNorm was created to provide ameans of interoperability between one pharmacy information system and
another. First released in 2005, RxNorm includesthe VA’ sNDF-RT, which codes clinical drug properties,
including mechanism of action, physiologic effect, and therapeutic category.

RxNorm isthe official HITSP standard for exchanging information on clinical drugs, using the combina-
tion ingredient + strength + dose form. RxNorm is freely available, and part of the UMLS, and can form
afoundational component of an informatics architecture.

SNOMED CT transition to the IHTSDO

In 2007, the SNOMED CT intellectual property rights were transferred from the College of American
Pathologists to the SNOMED SDO® in theformal creation of the International Health Terminology Stan-
dards Development Organization (IHTSDO). The IHTSDO is a not-for-profit association that is owned
and governed by its national Members. In January 2012 eighteen countries were Members of IHTSDO,
more countries are joining every year.
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1.5.7.

1.5.8.

1.5.9.

SNOMED CT isnow owned, maintained and distributed by the IHTSDO. Historic commercial proprietary
concerns surrounding SNOMED CT licensing have been eliminated, enabling SNOMED CT to serve as
afoundation for open informatics architecture.

IHTSDO open-source tooling

In 2009, the IHTSDO made a software workbench open source. This open-source framework validated
many architectural ideas, including change-set configuration management to support distributed devel op-
ment.

The IHTSDO workbench validated a temporal model of

* A time period datatype, including the ability to represent time periods with no end (infinity or forever)
» System-maintained transaction time

» Temporal queries at current time, time pointsin the past or future, or over durations

* Predicates for querying time periods

This open source environment includes a description-logic classifier, and distributed editing capabilities
that can be leveraged in a architectural implementation that can be used to validate the architecture.

SNOMED CT Release Format 2

InJanuary 2012, SNOMED CT'sRF2 format officially replaced the RF1 format. The new format has better
featuresfor configuration management of and reference extensionsto SNOMED CT’s contents. This new
format will accommaodate evolving requirements without the need for further fundamental change in the
foreseeable future.

IHTSDO and GMDNA

In 2012, the IHTSDO and the Globa Medical Device Nomenclature Agency (GMDNA) responsible for
the international naming system for medical devices (GMDN) signed a Cooperation Agreement with the
IHTSDO, resulting in the use of GMDN as the medical device component in SNOMED CT.

1.5.10. SNOMED CT and LOINC agreement

In 2013, the IHTSDO and the Regenstrief Institute agreed that they would work together to link
SNOMED CT and LOINC. This agreement means that LOINC can be integrated into SNOMED CT by
means of SNOMED description logic statementsthat define LOINC codes, and that these description logic
statements will be a part of future SNOMED CT releases.

1.5.11. VA interagency agreement with NLM

In September of 2013, the VA and the National Library of Medicine (NLM) entered into an interagency
agreement (IAA) to accelerate the pace of clinical terminology standards development and integration in
areas that support Veterans health care and benefits determination. The VA has along history of success-
ful use of health information technology to support its mission and of effective collaboration with other
federal agenciesto promote the development and use of health data standards. VA seeks to accelerate the
enhancement of clinical terminology standards and related infrastructure for internal uses such as clinical
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decision support, quality improvement, research and business processes and for external data sharing with
key partners including the Department of Defense and VA academic affiliates across the country.

Under the IAA, NLM will work with the VA to make specific enhancements to SNOMED CT, LOINC,
and RxNorm in order to:

» Modify and addto SNOMED CT and/or the US Extension to SNOMED CT, to LOINC, and to RxNorm
so they evolve more rapidly and effectively to support current and emerging priority use cases for the
VA and itsfederal and private sector partners.

 Coordinate enhancements to the IHT SDO Workbench/Open Tooling Framework so that NLM and VA
development efforts are mutually beneficial and support more rapid improvements to SNOMED CT
and more effective integration of SNOMED CT with other relevant health IT standards.

» Expand the content and capabilities of the NLM Value Set Authority Center as needed to support more
effective authoring, validation, maintenance, and use of vocabulary value setsfor clinical decision sup-
port and other high priority VA use cases, aswell asfor clinical quality measures.

» Allow predicates for querying time periods
Theinitia set of high priority tasks to be addressed by the VA and NLM under the IAA include:

« Establish principled rel ationships between LOINC and SNOMED CT so that they form an interlocking
set to support effective integrated use by the VA and other US health care providers.

 Finalize specific rules and parameters for relating and connecting LOINC and SNOMED CT content
in the laboratory test domain.

* Initiate analysis for other domains of interest to the VA.

» Determine the magnitude and prioritize the changes that must be made to LOINC and SNOMED CT to
instantiate these relationships and connectionsin light of the VHA’s priority use cases.

1.5.12. SNOMED CT, RxNorm, and LOINC

Today, thanks to all the prior efforts of many individuals and organizations, we have an opportunity to
leverage the combination of SNOMED CT, RxNorm, and LOINC as a coherent foundation for informat-
ics architecture. There is still work to be done, as the integration of LOINC and SNOMED CT is only
beginning, and how best to utilize RXNORM will require careful consideration. But the opportunity is
compelling; we must take advantage of it.

1.6. “Data Element” Modeling and Its Relation-
ship to Clinical Domain Models and SOLOR

1.6.1.

Walter Sujansky

Introduction

Recently, there has been lively discussion regarding the appropriate role of “clinical data elements’ and
forms-based data collection as a data-representation system for EHRs. This section attempts to char- ac-
terize the “ data-element” model for representing clinical data, and assessits strengths and weaknessesrel-
ativeto alternative models, particul arly with regards to supporting dataretrieval and analysis. This section
also provides general recommendations for retaining the advantages of data elements for data collection,
while mitigating their limitations for data analysis.
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1.6.2. Data Elements

“Data element” is alongstanding concept used in information technology and data modelingl. Recently,
the definition and use of data elements has been proposed as the basis for structured data capture within
EHRs and other clinical applications.

1.6.2.1. Context for Recent Consideration of Data Elements: Struc-
tured Data Capture

In 2013, the Office of the National Coordinator (ONC) Standards & Interoperability (S&1) Framework
launched an initiative to develop “ Structured Data Capture” standards for EH R<%. The purpose of struc-
tured data capture (SDC) in the context of this initiative was to enable the collection of structured data
within EHRs to supplement data collected for other purposes, including clinical research, adverse event
reporting, and public health reporting. In other words, SDC was not intended as amodel for primary data
entry into EHRS, but rather as a mechanism to collect data from EHRs and/or from the users of EHRs for
secondary purposes, such as research and specific reporting needs.

Figure 1.1, “Envisioned model for structured data capture (SDC) using data elements.” illustrates the
envisioned model for such datacollection. The model entailsan EHR user selectinga“form” or “template”
from aforms repository that is external to the EHR (steps 1 and 2). This form, which specifies the exact
data elements needed for the intended research or reporting purpose, becomes the artifact used to collect
therequisite structured data. The EHR “auto-populates’ whichever of the form’s data elementsit can from
the EHR' s own database - via mappings specified within the form — (step 3), and then prompts the user to
enter manually values for the remaining data elements (step 4). The completed form is then locally saved
(step 5), as well as transmitted to an external data repository (step 6), from which it can be accessed for
itsintended research, reporting, and analytical purposes (step 7).

Figure 1.1. Envisoned mode for structured data capture (SDC) using data

elements.
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Within this model, “data elements’ comprise the individual units of information that are collected when
each “question/answer” pair in a form is populated. Examples range from simple concepts, such as a
patient’ s height, to complex concepts, such as the severity of amedication adverse event. In all cases, the
precise meaning, allowable values, and other attributes of the data elements are carefully defined.

“Common data elements’ (CDES) are data elements that are shared across a community of interest. The
standardized and mutually agreed-upon definitions of CDESs enable their re-use in different contexts and

aide in the exchange and repurposing of clinical data. The SDC model envisions the definition of many
CDEs for use in various data-collection use cases.

1.6.2.2. The Attributes of Data Elements

The ONC S& 1 SDC initiative did not actually define common data elementsthat may be used in forms, but
only standardize the set of defining attributes that may be used to specify such dataelements (leaving it to
othersto actually define the elements). The standardized attributes defined by S& | number approximately
75, and the full set is available in a document from the ONC S&I web site®.

The most important required attributes for each data element include:

 Data Element Unique Identifier

» Data Element Name

Text definition

Datatype of permitted values
» Set of permitted values when enumerated (including display text and code, if coded)

Notably, coded values from standard terminologies must be pre-coordinated (i.e., the SDC standard does
not allow post-coordinated expressions as the values of data elements).

Other relevant attributes include the units of measure and high/low ranges for numerically-valued data
elements, aswell as mappingsto corresponding data el ementsin standardized clinical datarepresentations,
such as C/CDA (to facilitate the automated population of data elements from EHR contents).

1.6.2.3. Data Element Examples

Although the ONC S&I SDC initiative did not define any specific data elements, other similar initiatives
have produced libraries of defined data elements that serve as good examples of the concept. Notable
among these librariesis the NIH Common Data Element (CDE) reposi tory4. The repository contains data
elements that have been recommended or required by NIH Institutes and Centers and other organizations,
including the NCI, NLM, and AHRQ.

The repository also contains libraries of structured data collection forms in which the specified data ele-
ments appear. Together, the forms and the CDEs exemplify the envisioned role of data elementsin cap-
turing and representing clinical information. Among examples of defined data elements in the repository
are the following (with their definitions and allowable values):

SSee (“SDC Data Element Attributes’ tab in https://oncprojectracking.heal thit.gov/wiki/downl oad/attachments/16123327/SD C%20SWG%20Da-
ta%20El ement%20M apping%20T empl atev4%620%282%29.x| sx version=1& modificationDate=1489605858000& api=v2
“https.//cde.nim.nih.gov/form/search.
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1.6.3.

Data Element Name Definition Allowable Values
Person Birth Date The month, day and year on which the person was born. |"DATE" Datatype
AJRR Colorectal Cancer Tumar T Extent of the primary colon and rectal cancer based on  |"T0" (CE0840), "T1" (CBO844), "T2" (CE0845), "T3" (C89945),
Stage evidence obtained from dlinical assessmentparameters |["T4a" (C89546), ...
determined prior to treatment.
Adverse event severity grade scale  |The grading scale of the severity or intensity of the "Grade 1" = Mild (no intervention needed),
adverse event "Grade 2" = Moderate (local intervention needed),

"Grade 3" = Severe (hospitalization needed),
"Grade 4" = Life threatening (urgent intervention needed),
"Grade 5" = Death due to adverse event

Tissue Donar Sex Behavior With An indication of whether the donor had sexual activity  ["Yes" (C49488),
Other Person Injectable Dosage with others who have utilized drug injections "Mo" (C45487),
Form Drug Abuse Personal Medical  |(intravenous and/or intramuscular and/or "Unknown" {C179598)
History Performed Indicator subcutaneous) for non-medical use inthe last 5 years as

provided by the primary history source.

As evident from these examples, CDEs may represent simple, familiar clinical concepts, or complex es-
oteric concepts. Complexity can arise from either the definition of a CDE (as with the “Tissue Donor
Sex Behavior” example), and/or from the definitions of its allowable values (as with the “ Adverse Event
Severity Grade” example). In either case, complex CDEs can pack alot of clinical semanticsinto concise,
atomic representations.

The Limitations of Data Elements

The model of forms and data elements prescribed by the S&1 SDC initiative has certain advantages with
respect to standardizing data collection for secondary purposes. If different parties within a community
do, indeed, use the same forms containing the same common data elements when collecting data, those
datawill be more uniform and amenable to aggregation, exchange, and pooled analysis.

However, if acommunity creates and uses forms and data elementsin aless-than-disciplined fashion, the
resulting data setswill lack uniform semantics; preventing pooled analysis or (worse) generating incorrect
analytical results. Given the inherent limitations of common data elements as a paradigm for modeling
clinical semantics, thereisareal danger of this occurring.

The primary limitation of common data elements is that they are defined and used independently of any
information model representing the context in which they are populated or the relationship among their
populated values. The context of and rel ationships among popul ated data elements are represented only by
the structure of theformsin which they are populated. These forms, however, lack any formal model to, for
exampl e, denote the relationships among their constituent data el ements. Further, the same data elements
can appear in different forms, such that the context in which the data elements are popul ated (and, hence,
the complete semantics of the collected data) can vary depending on the form in which they appear.

For example, a form may include the data element “ Adverse event name,” followed by the data element
“Adverse event severity”. The value of the latter is meaningless for purposes of data analysis unless asso-
ciated with the value of the former (in particular, if multiple adverse events were present, with differing
severities). Other than the sequence of the two data elements, however, forms have no way to formally
represent this association. Also, “Adverse event severity” could appear in a different form, following the
data element “ Past adverse event name”. In this case, the semantics and implications of the value of “ Ad-
verse event severity” would be different than if it were associated with a currently experienced adverse
event (for example, if it were “life threatening”). None of these contexts of and associations between data
elements are formally represented, however. The result is that the values of data elements cannot be reli-
ably aggregated or analyzed without access to the form(s) in which each the values was collected and a
manual assessment of the semantics of the valueswhen collected viaeach such form. Lastly, in the absence
of a uniform information model, data analysts would have trouble determining the set of attributes that
could have been populated to describe a particular clinical event, such as an adverse event, diagnosis, or
treatment.

The independent creation of common data elementsin the absence of an information model also increases
the chances that duplicative or overlapping data elements may be created by a community if great care
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1.6.4.

and coordination are not exercised, with no guaranteed means of subsequent reconciliation or mapping.
For example, the following two data elements could be defined and used by different parties within the
same community:

Data Element Name Definition Allowable Values
Adverse event severity The severity or intensity of the adverse event |None,

Mild,

Moderate,
Severe,
Life-threatening,
Death

Life-threatening adverse event |The presence of a life-threating adverse event |Present,
Absent,
Unknown

In this case, a data analyst searching a pooled data set for al instances of life-threatening adverse events
would have to know that both of these data elements existed, and would have to query for instances of the
first data element with avalue of “Life-threatening” or “Death”, and instances of the second data element
with a value of “Present”. Many other such situations could arise, because of the variable ways that the
same or similar clinical concepts can be modeled as data elements.

Recommendations and Relationship to SOLOR

To enable the consistent analysis of populated data elements without requiring detailed knowledge of
the myriad forms used to collect those values, it isimportant to specify aclinical data model that exists
independently of the forms. This data model should consist of (1) an information model (a.k.a., “clinical
domain model”) to represent the context of and relationships among individual data elements, akin to a
relational or object-oriented schema, and (2) aterminology model to represent the discrete clinical concepts
represented by individual data elements and their allowed values.

For example, the information model would specify Adverse Event asaclinical object type, which could be
instantiated and further described by a set of explicitly related attributes, such as“ AE Name”, “ AE Code”,
“AE Manifestation”, “AE Severity”, and “AE Start Date”. Any enumerated value sets for these attributes
would be specified by reference to the terminology model or to other objects of the information model.
For example, the values of the “AE Manifestation” attribute could be constrained to any concept in the
terminol ogy that was an Observation or aDisease. Together, theinformation model and terminology model
would specify aclinical data model that represented the scope, structure, and semantics of any collected
data and that supported data aggregation and analysis regardless of the specific data-entry instruments
(including forms) that were used for data collection.

Examples of information models consistent with this approach include OpenEHR>® and CIM1”8, Exam-
ples of applicable terminology models include SNOMED-CT® and SOLOR?.

The specification of a clinical data model, as described above, still allows for the use of common data
elements and standardized formsfor data collection, as defined by the S& | SDC model. However, achiev-
ing the benefits of both forms-based data entry and model-based data analysis requires the mapping of

SDemski 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).
Shttp://www.openehr.org/what_is openehr.

’Goossen, W. Detailed Clinical Models: Representing Knowledge, Data and Semantics in Healthcare Information Technology. Healthc Inform
Res. 2014 Jul; 20(3): 163-172.
Shitp://wiki.hl 7.org/index.phptitle=Detailed_Clinical_Models.

Shttp://www.snomed.org/snomed-ct.

1

0http://www.solor.io/.
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data elements that appear in forms to semantically equivalent representations that are consist with the
clinical data model. These mappings allow data collected via forms to be transformed to equivalent data
that conform to the clinical data model, which can then serve as a single, uniform point of reference for
guerying and analyzing the data. In this manner, clinicians can use familiar forms and data elements to
enter data (without requiring any knowledge of the more complex underlying data model), and analysts
can use the clinical data model to query and analyze the collected data (without requiring any knowledge
of the data-collection forms that were used to enter them). Figure 1.2, “Proposed model for the collection
and analysis of structured data.” illustrates this approach to collecting and analyzing clinical data.

Figure 1.2. Proposed model for the collection and analysis of structured data.
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Importantly, the forms and data elements that will be used by clinicians must be created and maintained
in coordination with the clinical data model that will be used by analysts. Such coordination is required
to ensure that the former remains consistent with and can be reliably mapped to the latter as both evolve
over time.

Also, transformation between the forms-based view of collected data and the clinical-model-based view
can occur in real time, as the forms are completed and their data stored. Alternatively, the transforma-
tion could occur later, when data are moved from an initial (forms-based) data store to a secondary (mod-
el-based) data store. The appropriate strategy will depend on the intended uses of the collected data and
how promptly data analysiswill follow data collection.

Lastly, the SOLOR terminology playsanimportant rolein both the forms-based model and theclinical data
model. As mentioned, aterminology model, such as SOLOR, is needed as part of the clinical datamodel to
rigorously represent theindividual clinical conceptswithin the model. However, the definition of common
data elements and data-collection forms in the forms-based model must also take into account the content
of SOLOR, because the common data elements and their values will need to map to SOLOR concepts (to
support the transformations described above). In practice, it is much better to consider such mappings at
the time that the common data el ements and forms are defined, rather than define them independently and
hope that a mapping to SOLOR is possible at alater time.
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2. ISAAC

The ISAAC (InformaticS [Agile]Analytic] ArChitecture) effort seeks a holistic approach to architecture
that supports novelty within a rigorous—and vertically integrated—deployment pipeline that enables
knowledge engineers, developers, testers, build managers, and operations personnel to work together ef-
fectively to deliver assetsto the points of care and analysis. This pipeline must support integrated delivery
of iterative revisions of specifications, services, and content which are today delivered by isolated silo
organi zations who place the implementation burden upon their consumers. This pipelinewill 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 delivery. ISAAC's KOMET
(KnOwledge Management EnvironmenT) realizes ISAAC's architecture within a DevOps environment
that integrates devel opment, testing, publication, and delivery of specifications, content, and services into
averticaly integrated environment that supports continuous delivery.

2.1. Informatics Self-describing Agile Architec-

ture

An architecture is more than athin veneer on top of a bunch of unstructured database tables.

The architecture providesafoundation. We need a principled foundation so we stop buil ding the skyscraper
from the third floor up.

ISAAC provides a robustly versioned and self-describing architecture for knowledge representation and
execution.

2.2. Architectural Aspects

Informatics Architectureisaclinical and technical discipline that is concerned with the representation of
clinical knowledge, organization-specific clinical information, and patient-specific clinical data. Success-
ful representation concerns a) the foundation of the architecture, b) how the representation is presented to
—and manipulated by—the user, and c) how the representation is made interoperable with other environ-
ments. To meets these needs, we describe three aspects of informatics architecture: foundational architec-
ture, interaction architecture and semantic interoperability architecture, respectively.

Note that the role of the Informatics Architect differs from the role of other types of business
and technical architects involved in the field of enterprise architecture (e.g., data architect, so-
lution architect, enterprise architect, etc). More details are available here: Different types of ar-
chitects (available from: https.//blog.prabasiva.com/2008/08/21/different-types-of-architects/) [http://
blog.prabasiva.com/2008/08/21/different-ty pes-of -architects/]

2.3. Foundational architecture

The foundational informatics architecture is the primary focus of this document

The foundational architecture is concerned with the taxonomy, classification, and declarative and proce-
dural search of aninformation pool. Thisarchitectureliveswithin the logical architecture of the enterprise,
but does not try to define the overall systems architecture, or the physical architecture that supports the
foundational architecture.
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2.4. Interaction architecture

Theinteraction architecture is concerned with navigation, interface layout and functionality, and other as-
pects of the user’s information access experience. This document will only address the interaction archi-
tecture aspects of the authoring environment. The interaction architecture for end user applications, such
as patient record systems or other clinical applications, is beyond the scope of this document.

2.5. Derivable logical layers

2.5.1.

Thefoundational informaticsarchitecture must bealayered | ogical architecturethat fitswithin the business
logic layer (akathe domain logic layer) of the VA’s health management platform.

Layering the architectureisimportant for keeping the architecture sufficiently simple at each layer so that
it remains comprehensibleto asingle mind. Aslayers are ascended, whole systems at lower layers become
simple components at the higher layers, and may disappear altogether at the highest layers.

Figure 2.1. Architectural layer overview

These architectural layers provide constraints on what type of components may be created in each layer.
The padstong[1] layer of the architecture is the identifiable component layer. All higher layer components
must be derived from (to come from a source or origin; to originate from) the padstone’s identifiable
component, thus providing a uniform means of identifying all components of the architecture.

The lowest layers are the most critical, as changes to those layers have greater impact, asthe higher layers
are dependent upon them. Also different candidate architectures may share common lower layers, while
differentiating themselves at the higher layers (for example, one organization may require adifferent tech-
nology for it’s clinical rules engine).

Benefits of derivable layers

The layers of the architecture must be derivable from the layers below. Derivable in the sense that a
component of one layer must only reference components of the same layer, or components defined in
layers below.

Derivable layers eliminate unreconciled overlap between layers, such as the terminology model, the as-
sertion & request model, and the context model. This resolves a historic informatics architectural problem:
how to manage the overlap between the terminology models and the information models.

In part, thishistoric problem isaside effect of astovepipe design process, whereinformation modelswhere
developed independent of the terminology systems meant to populate those models. Information model
developers were frequently unaware of the terminology systems semantics, and how those semantics may
interfere with those of the information model. A classic example would be to have a terminology that
may pre-coordinate severity information (mild asthma, moderate asthma, and severe asthma), while the
information model may provide aspecific field for severity information. The information model may even
provide a required and irreconcilable value sets for these overlapping fields (such as a 5 point severity
scale then the terminology system uses a 3 point severity scale internally).

In this architecture, the components traditionally know as terminology models and information models
are coherent parts of the same architecture. Thisintegration enables simplification of implementation, and
also enables alevel of validation and testing that is not possible when information models are devel oped
independent of the other components of the overall architecture.
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2.5.2.

2.5.3.

2.5.4.

2.5.5.

2.5.6.

2.5.7.

Binding between layers

This architecture does not specify the means of binding between layers. Binding may potentialy be im-
plemented as native objects within a shared execution environment by some layers, by static or dynamic
XML objects between other layers, or by URI specification between layers.

Although the means of the binding between layers is not specified, the means of identifying the compo-
nents being bound is mandatory. All componentswill be identified by UUIDs assigned by the identifiable
component layer.

Declarative knowledge layers

[insert figure here]

Declarative knowledge is defined as the factual information stored in memory and known to be static in
nature. Other names, e.g. descriptive knowledge, propositional knowledge, etc. are also given. It isthe part
of knowledge that describes how things are. Things/events/processes, their attributes, and the relations
between these things/events/processes and their attributes define the domain of declarative knowledge. [9]

Clinical data layers

[insert figure here]

Procedural knowledge layers

[insert figure here]

Procedural knowledge is the knowledge of how to perform, or how to operate. Names such as know-
how are also given. It is said that one becomes more skilled in problem solving when he relies more on
procedural knowledge than declarative knowledge. [9]

Documentation

Documentation is a cross-cutting concern A well-documented system is inextricably linked to our ability
to understand, maintain, and assure the quality of that system. Just as declarative knowledge layers derive
from the ones below, the documentation must have the ability to derive selected content from the systems
they document. For example, if a document references the definition of a particular concept, or lists the
children of that concept in atable or diagram, that table or diagram should be derivable from the concept’'s
source as part of an automated build process, assuring that the documentation remains up-to-date despite
inevitable change within the documented system.

Separation from implementation architecture

There is no specific requirement to use a terminology server. The implementation architecture is free to
layer the components differently as long as the architectural requirements are met.
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2.6. Object identity

2.6.1.

Figure 2.2. Identified Object

I |dentifiedObject

m/ getUuidList() List<UUID>

m getUuids() UUIDJ]
m! getPrimordialUuid() uuID
m! getNid() int
m| toUserString() String

Theidentifiable component layer manages the reproducibl e assignment of Universally Unique Identifiers
(UUIDs) to al imported components as well as the assignment of primordial UUIDs to al internally
generated components. If imported components already provide UUIDs to identify components, those
UUIDs will be used.

If the imported components do not have UUIDs, but have 1SO Object Identifiers (OIDs) assigned by
HL7,[1] or the component’s provider, then the environment will generate Version 5 UUIDs for those
components using the ISO OID namespace UUID of 6ba7b812-9dad-11d1-80b4-00c04fd430c8 defined
in the Internet Engineering Taskforce RFC 4122.[2]

If the imported components do not have UUIDs or OIDs—but have internally unique and immutable
identifiers—then a UUID namespace for that source will be assigned internally, and Version 5 UUIDs
will be generated for the source on that basis.

If the imported components do not have internally unique and immutable identifiers, then aUUID names-
pace for that source will be assigned internally, and Version 5 UUIDs will be generated off of a unique
hash of the component’s data fields that are sufficient to assure uniqueness and immutability of the gen-
erated identifier.

The original identifiers for the imported sources will be stored as reference extensions to the component
during the import process. The management and retrieval of these externally generated identifiersis not
the responsibility of the identifiable component layer.

If imported components have both provided UUIDs aswell as Ol Ds that would compute different UUIDs,
then both the provided and computed UUIDs must be associ ated with the component, and any single UUID
will be sufficient to uniquely identify and retrieve the component.

Multiple identifiers and component merging

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 simple means for managing duplicated content
asitisidentified. This duplicate management process does not require retirement of one component, with
pointers to the other component, and the additional overhead that such retirement would entail.
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2.6.2.

2.6.3.

2.6.4.

2.6.5.

Uniform resource identifiers

The architecturewill integrate components from many sources, including at least SNOMED CT, RxNorm,
and LOINC. Users of the architecture should not need to concern themselves with the source of the con-
tent—as a foundational goal of the environment is to provide integrated and coherent content that is a
single seamless system to the end user. All components will have original or assigned UUIDs, therefore,
all componentswill be identifiable by URIs of the form:

urn:uuid:f81d4fae-7dec-11d0-a765-00a0c91e6bf6

Since these URIs for SNOMED CT, RxNorm, and LOINC will be reproducibly assigned, users of the
same architecture can use these identifiers to encode and share clinical knowledge.

In addition, if locally-developed content becomes incorporated into standards at some point in the future,
the ability to support multiple UUIDs ensures that the encoded clinical knowledge based on those UUIDs
can remain stable. Users and implementers of the architecture may choose to share locally developed
content identified in this manner. The stable UUIDs provides a means of sharing before such work is
integrated into a standard, as well as a smooth transition when the work is integrated into a standard.

Uniform resource identifier validation

Although the urn:uuid URI providesfor uniqueidentification, it isnot safein the sense that atypographical
error in the URI could yield an incorrect result with little or no awareness on the part of the individual
that constructed the URI. The architecture must allow for dynamic validation of URIs by some means, in
specific contexts—such as when accepting generated input.

We are not recommending checksums, or other methods for ensuring the URI does not get corrupted in
transport—the 1SO 7 layer model for error: free transmission across a network is robust. We are recom-
mending that there be a method that URIs are associated with human readable text from the component

the URI represents, so that the coupling between a meaningless identifier useful to the computer, and a
text representation comprehensible to a human is provided.

Component query

The architecture must support queries over collections of components.

Component result set

A result set is composed of a set of component identifiers that match a set of criterion.

2.6.5.1. AND

Compute the intersection of the set results from given child clauses.

2.6.5.2. OR

Compute the union of the results of the child clauses.

2.6.5.3. NOT

Computestherelative complement of the result of the child clause with respect to the set of all components
that are processed by the query.
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2.6.5.4. XOR
Computes the exclusive disjunction between the result sets of each child clause. This operator enables the

ability to determine differences between identical child clauses that have different view coordinates, to
determine what changed between to versions of the system.

2.7. Module & chronicle

STAMP versioning

Figure 2.3. Stamped Version

-

StampedVersion

m getStampSequence() int
m! getState() State
ml getTime() long
m! getAuthorSequence() int
m getModuleSequence() int
m! getPathSequence() int

Figure2.4. Latest Version

o LatestVersion
m addLatest(V) void
m! value() \%

|

contradictions() Jtional<Set<V>>

|

versionStream() Stream<V>
toString() String

=
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i

Figure 2.5. Object Chronology

I |dentifiedObject

m getUuidList() List<UUID>

m getUuids() UUIDJ]
m! getPrimordialUuid() uuID
m! getNid() int
m! toUserString() String

I CommittableComponent

m getCommitState() CommitStates

m! jisUncommitted() boolean
ObjectChronology
getLatestVersion(Class<V>, StampCoordinate) Optional<LatestVersion<V>>
isLatestVersionActive(StampCoordinate) boolean
getVersionList() List<? extends V>
getVersionGraphList() List<Graph<? extends V>>
getVisibleOrderedVersionList(StampCoordinate) List<? extends V>
getVersionStampSequences() IntStream
getSememeList() List<? extends SememeChronology<? extends SememeVersion<?>>>

getSememelListFromAssemblage(int) .ist<? extends SememeChronology<? extends SememeVersion<?>>>

getSememelListFromAssemblageOfType(int, Class<SV>) List<? extends SememeChronology<SV>>

The chronicle layer provides ameansto generically represent the revisions to acomponent over time, and
to index those revisions by status (active, inactive), effective time of change, author of change, module
within which the change occurred (international edition, US extension, etc.), and the development path
of the change (development, release candidate, etc.). Taken together, these fields can be referred to as a
versions STAMP (status, time, author, module, and path).

The version STAMPS provides afoundation for version control and configuration management of all the
components of the information architecture.

The STAMP will provide ameansto modularize content so that modul es can be turned on and off depend-
ing on specific use cases, and that modular content can be developed independently from unrelated mod-
ules. Thismodularity will enable simplified devel opment and quality assurance processesfor each module.

27




Draft ISAAC Draft

2.7.1. Distributed version control

Version control provides an audit trail for any changes to components of the informatics architecture,
and the ability to roll back or forward to any version of any component as needed. The architecture must
provide for standard distributed version control concepts of push, pull, paths, tags, commits, revisions,
changesets, contradictions, branching, and merging for these components in the authoring environment.

Theunderlying datarepresentation of the architectural components must be append-only so that acomplete
audit trail of al changesto all componentsis assured.

2.7.1.1. Path origins

Each path may have zero or more origins. An originisaposition (apoint in time) on another path, and the
downstream path will inherit all the changesthat occurred on the upstream path prior to the origin position.
Multiple origins enable aworking path to be created from two or more systems that may have independent
paths. For example, a path for development of a mapping between SNOMED CT and ICD-10 may have
one origin on the SNOMED CT release path and another origin on the ICD-10 release path.

2.7.1.2. Commit record

Each commit to a chronicle must be accompanied by acommit record, which recordswhat other STAMPS
of that chronicle where visible to the author when the commit was made. This commit record will be
used to determine if unsynchronized commits (commitsthat occurred before the author’ s commit, but that
have not propagated through the distributed version control system) have been subsequently synchronized,
generating an ERR event.

2.7.1.3. Version equality

Each version within the chronicle must have a standard means to test for content equality (versions with
equivalent content, but whose author, commit time, or commit path may differ), and to test for absolute
equality (versions with equivalent content and identical author, commit time and path). These different
methods of equality will be used when managing ERRs, and when merging paths, and promoting content.

2.7.1.4. Path precedence ordering

Each version within the chronicle must be ordered first by the path upon which a commit is made, and
secondarily must be ordered within the path by the time of commit.

2.7.1.5. Path promotion

The environment must provide the ability to promote selected content from one path to another as part
of a controlled release process. This promotion process must be automatable, and repeatable. When path
promotion occurs in the generation of release candidates, the process may be repeated many times, and
therefore the process needs to be reproducible.

2.7.1.6. Event requiring review

During distributed development multiple authors may commit changes to the same components without
being aware of concurrent changes made by other authors. These concurrent commits may be deliberate,
for examplein the case of duplicate editing for quality assurance or training, or may be inadvertent. The
system must specify rulesfor determining if an Events Requiring Review (an ERR) isgenerated, and when
concurrent commits may be managed in an automated way.
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2.7.2. Concurrent coordinated development

Concurrent development is necessary to support coordinated content.

For example, if apharmacy knowledge baseis not current with the latest version of SNOMED, then drug-
disease interactions may be missed. If asystem is not using the latest version of SNOMED with the latest
diagnoses, an enterprise may have to either fail to properly record a patient’s diagnoses, or may have
to create unnecessary local enhancements that will have to be later reconciled with the already released
content in SNOMED.

The authoring environment for the architecture must support concurrent distributed development using
a store and forward approach so that isolated development activities can be integrated despite lack or
real-time network connectivity.

2.7.2.1. Change sets

Changes made by authors must be represented as changesets, and these changesets must be independent
entities that can be applied to—or removed from—aother configurations of the authoring environment.

2.7.2.2. Branching

<this section needs significant revision>

Branching, in revision control and software configuration management, is the duplication of an object
under revision control (such as a source code file, or a directory tree) so that modifications can happen
in parallel along both branches.

Branches are also known as trees, streams or codelines. The originating branch is sometimes called the
parent branch, the upstream branch (or simply upstream, especidly if the branches are maintained by
different organizations or individuals), or the backing stream. Child branches are branches that have a
parent; a branch without a parent is referred to as the trunk or the mainline.[1]

In some distributed revision control systems, such as Darcs, there is no distinction made between reposi-
tories and branches; in these systems, fetching a copy of arepository is equivalent to branching.

Branching also generally impliesthe ability to later merge or integrate changes back onto the parent branch.
Often the changes are merged back to the trunk, eveniif thisis not the parent branch. A branch not intended
to be merged (e.g. because it has been relicensed under an incompatible license by a third party, or it
attemptsto serve adifferent purpose) is usually called afork.

Branches allow for parts of software to be developed in parallel.[2] Large projects require many roles
to be filled, including developers, build managers, and quality assurance [http://en.wikipedia.org/wi-
ki/Software_quality assurance] personnel. Further, multiple releases on different operating system plat-
forms may have to be maintained. Branches allow contributors to isolate changes without destabiliz-
ing the codebase, for example, fixes [http://en.wikipedia.org/wiki/Patch_(computing)] for bugs, new fea-
tures [http://en.wikipedia.org/wiki/Feature (software_design)],[3] and versions [http://en.wikipedia.org/
wiki/Software _versioning] integration [http://en.wikipedia.org/wiki/System_integration]. These changes
may be later merged [http://en.wikipedia.org/wiki/Merge (revision_control)] (resynchronized) after test-
ing.

A development branch or development tree of a piece of software is a version that is under develop-
ment [http://en.wikipedia.org/wiki/Software_development], and hasnot yet been officially released [ http://
en.wikipedia.org/wiki/Software _release]. In the open source [http://en.wikipedia.org/wiki/Open_source]
community, the notion of releaseistypically metaphorical, since anyone can usually check out any desired

29


http://en.wikipedia.org/wiki/Software_quality_assurance
http://en.wikipedia.org/wiki/Software_quality_assurance
http://en.wikipedia.org/wiki/Software_quality_assurance
http://en.wikipedia.org/wiki/Patch_(computing)
http://en.wikipedia.org/wiki/Patch_(computing)
http://en.wikipedia.org/wiki/Feature_(software_design)
http://en.wikipedia.org/wiki/Feature_(software_design)
http://en.wikipedia.org/wiki/Feature_(software_design)
http://en.wikipedia.org/wiki/Software_versioning
http://en.wikipedia.org/wiki/Software_versioning
http://en.wikipedia.org/wiki/Software_versioning
http://en.wikipedia.org/wiki/System_integration
http://en.wikipedia.org/wiki/System_integration
http://en.wikipedia.org/wiki/Merge_(revision_control)
http://en.wikipedia.org/wiki/Merge_(revision_control)
http://en.wikipedia.org/wiki/Software_development
http://en.wikipedia.org/wiki/Software_development
http://en.wikipedia.org/wiki/Software_development
http://en.wikipedia.org/wiki/Software_release
http://en.wikipedia.org/wiki/Software_release
http://en.wikipedia.org/wiki/Software_release
http://en.wikipedia.org/wiki/Open_source
http://en.wikipedia.org/wiki/Open_source

Draft

ISAAC Draft

version, whether it be in the devel opment branch or not. Often, the version that will eventually becomethe
next major version is called the development branch. However, there is often more than one subsequent
version of the software under development at a given time.

2.7.2.3. Merging

2.7.3.

2.7.4.

<this section needs significant revision, and an updated graphic>

Merging (also called integration) in revision control, is a fundamental operation that reconciles multiple
changes madeto arevision-controlled collection of files. Most often, it is hecessary when afileismodified
by two people on two different computers at the same time. When two branches are merged, the result is
asingle collection of filesthat contains both sets of changes.

adts [http://www.explain.com.au/oss/docbook/]
[1] http://www.hl7.org/oid/index.cfm

[2] http://tools.ietf.org/html/rfc4122#appendix-C

In some cases, the merge can be performed automatically, because there is sufficient history information
to reconstruct the changes, and the changes do not conflict. In other cases, a person must decide exactly
what the resulting files should contain. Many revision control software tools include merge capabilities.

There are two types of merges: automatic and manual.

Automatic merging iswhat revision control [http://en.wikipedia.org/wiki/Revision_control] software does
when it reconciles changes that have happened simultaneously (in alogical sense). Also, other pieces of
software deploy automatic merging if they allow for editing the same content simultaneously. For instance,
Wikipedia allows two people to edit the same article at the same time; when the latter contributor saves,
their changes are merged into the article instead of overwriting the previous set of changes.

Manual merging is what people have to resort to (possibly assisted by merging tools) when they have to
reconcile files that differ. For instance, if two systems have dightly differing versions of a configuration
file and a user wants to have the good stuff in both, this can usually be achieved by merging the configu-
ration files by hand, picking the wanted changes from both sources (thisis also called two-way merging).
Manua merging is also required when automatic merging runs into a change conflict; for instance, very
few automatic merge tools can merge two changes to the same line of code (say, one that changes a func-
tion name, and another that adds a comment). In these cases, revision control systems resort to the user
to specify the intended merge resullt.

Merge algorithms are an area of active research, and consequently there are many different approaches to

automatic merging, with subtle differences. The more notable merge algorithmsinclude three-way merge,
recursive three-way merge, fuzzy patch application, weave merge, and patch commutation.

Standardized release process

The architecturewill provide a standard mechanism to rel ease artifacts outside the immedi ate devel opment
team.

Configuration management

The architecture must allow organization of components into modules, identification of dependencies be-
tween modules, and specification of compatible versions of dependent modules.
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Assembly of compatible components for testing and runtime.

2.7.5. Runtime time travel

The architecture must be able to cope simultaneously with historic data that was encoded using previous
versions of the system, with current data that was encoded using current versions of the system. This
historic and current data must in turn be processable by decision-support components of the system, in a
manner appropriate for alife-critical system. Encoded knowledge must have STAMPs for all versions of
its content. The overall system must be under configuration control such that all the valid STAMPs for
any version of the system isretrievable for processing historic data, and encoded patient data must record
the version of the system that it was encoded with.

Unlike other types of softwarewhich utilizeasingleversion, all version of the encoded knowledgethat has

2.7.6. Chronicle query

The architecture must provide for querying component chronicles.

2.7.6.1. View coordinate

The architecture must provide for a limited set of temporal query capabilities appropriate for identifying
and managing change to encoded knowledge over time. These temporal queries must allow for temporal
gueries at current time, time points in the past or future, or over durations.

Each query must be given aview coordinate that specifiesif the default temporal constraintsfor the query

are at the current time, or atime point in the past of future. Individual clausesin the query may introduce
additional view coordinates to enable durations

2.7.6.2. Status

Queriesmust allow the components status (active or inactive) to be part of the query criterion. For example,
include only active components within the query criterion.

2.7.6.3. Author

Queries must alow the author of a change to be part of the query criterion. For example, only include
changes that where not made by Chief Terminologist in the results of a query.

2.7.6.4. Changed from previous version

Computes the components that have been modified since during the time period specified by starting and
ending view coordinates.

2.7.6.5. Module and/or path
Queries must allow the module within which—and the path upon which—a change is made to be part of

the query criterion. For example, only consider changes that occurred in alanguage module on the release
candidate path as part of aquery.

2.8. Graph

Graph isafoundational structure.
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Figure 2.6. Graph and Node
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Figure2.7. Logical Expression
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Figure 2.8. Logical Node

I Comparable

m compareTo(T) int

I LogicNode

m getNodeSemantic() NodeSemantic
m getChildren() LogicNode[]
m getChildStream() Stream<LogicNode>
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Figure 2.9. Node Semantic
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2.9. Semantic

Text

Figure 2.10. Semantic object
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I CommittableComponent
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Figure 2.11. Semantic Chronology & Versions
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1 ObjectChronology

a@ getLatestVersion(Class<V>, StampCoordinate) Optional<LatestVersion<V>>

@ isLatestVersionActive(StampCoordinate) boolean
T SememeObject @ getVersionList() List<? extends V>
i getSememeSequence() int @ getVersionGraphList() List<Graph<? extends V>>
i getAssemblageSequence() int @ getvisibleOrderedVersionList(StampCoordinate) List<? extends V>
o getReferencedComponentNid() int 5 getversionStampSequences() IntStream

o getSememeList() List<? extends SememeChronology<? extends SememeVersion<?>>>

a getSememeListFromAssemblage(int) ist<? extends SememeChronology<? extends SememeVersion<?>>>

@ getSememeListFromAssemblageOfType(int, Class<SV>) List<? extends SememeChronology<Sv>>

’7 1) SememeChronology
L SememeVersion o createMutableVersion(Class<M>, State, EditCoordinate) M

@ getChronology)  SememeChronology<V> a createMutableVersion(Class<M>, int) M

I o getSememeType() SememeType

1 DescriptionSememe
1) LogicGraphSememe
@ getCaseSignificanceConceptSequence() int
1) ComponentNidSememe @ getGraphData() byte]]
@ getLanguageConceptSequence() int
5 getComponentNid() int o getExternalGraphData()  byte[J]
@ getText() String
a getLogicalExpression() pression
@ getDescriptionTypeConceptSequence() int

Semantic! enables addition of semantic data (semantic meme == Semantic to the underlying concepts
content, in a standardized way that provides for the same means of identifying, modularizing, and ver-
sioning content.

Clinical facts such as side effects or treatment effects of medications are just one of many examples of ref-
erence extensions. Laboratory reference ranges that represent standard normal, higher, and lower bounds
of laboratory test values by age and ethnic group are another example.

2.9.1. Assemblage

An Assemblage is a collection of Semantic for a particular purpose.

The Assemblage consists of Semantic that reference an component, and provide additional data to that
member for some purpose.

Or devel opment experience has shown that the language surrounding naming of conceptsrelated to Refex-
es has been challenging, with many similar sounding entities (Refex, Refset, Refex Collection, Refex
ID, Refex Member 1D, Referenced Component, Extended Component, Reference Extension, Component
Reference, and more). In the requirements here, we hope to provide a more systematic and less confusing
naming standard for Semantic concepts. Part of the reason for the choice of Assemblage as opposed to
use of Refset Concept, is to provide more clarity, and to use terms that do not have baggage that prevents
unambiguous interpretation of what is meant by the term.

2.9.1.1. Assemblage identity

Every reference extension Assemblageisidentified by a concept created specifically for this purpose. The
identifier of this concept is the identifier of the Assemblage. The Assemblage concept is annotated with
metadata to enable proper display and processing of the members of the Assemblage.

A Semantic (from Greek on uo(#V(Jo(st#mal'n#), meaning "mean, signify") isasemantic unit of meaning. A Semanticisaproposed unit of transmitted
or intended meaning; itisatomic or indivisible. It can be thought of as the semantic counterpart to any of the following: amemein aculture, agene
in agenetic make-up, or an atom (or, more specifically, an elementary particle) in a substance.--Wikipedia
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2.9.1.2. Assemblage metadata

Every Assemblage will have metadata associated with it that indicates the purpose of the Refex in general
terms (navigation, mapping, navigation, reference ranges, etc.). In addition, the metadata will define the
semantics of each extension field, and will provide standard ordering for presentation of those fields, and
standard naming information for thosefields, so that Refex data can be presented to consumersinasensible
manner.

2.9.2. Description Semantic

2.9.2.1. Language

Thelanguage requirements enable direct support for user interface customization for different user groups.
In the past, interface terminologies have been proposes as an aternative to supporting the language re-
guirements within a single integrated system. Use of independent terminologies creates a mapping and
maintenance burden that is unnecessary.

2.9.2.1.1. Typed descriptions

The architecture must allow all descriptions to be given a metadata type that indicates the way the typed
description describes the concept of which it is a part. For example, description types may include: ful-
ly-specified-name, synonym, and definition.

2.9.2.1.2. Multilingual support

Each description specifies the language that it isfrom. Identical spelling may not have the same meaning
in different languages, for example: pie in Spanish refers to foot#the lower extremity of the leg below
the ankle, on which a person stands or walks. In English pie means a baked dish of fruit, or meat and
vegetables, typically with atop and base of pastry.

Since concepts are organized by meaning, and since descriptions are associated with only one concept,
having aparticular description stand for two different conceptsisnot alowed. To prevent problems caused
by false cognate and false friends between languages, all descriptions are assigned to a single language,
within a concept that represents the meaning of that description within that language.

Descriptions are not required to be unique, and therefore a Spanish description of pie can be within the
concept for the lower extremity of the leg below the ankle, on which a person stands or walks, and the
English description of pie can be within the concept for a baked dish of fruit, or meat and vegetables,
typically with atop and base of pastry.

2.9.2.1.3. Dialect support

The architecture must provide a standard means of identifying if a particular description is preferred or
acceptable in a particular dialect. Dialect is to be interpreted broadly, not just to represent geographical
variation in language, but it is also to represent variation in language caused by role or profession. For
example, one dialect may support use of words or phrases that patients can readily understand (e.g. before
bedtime) and another dialect may support words or phrases specific for caregivers (e.g. ghs).

2.9.2.1.4. Terminology query

ThelA must provide flexible (ableto support current use cases and adapt to new use cases), effective (high
quality results), and efficient (fast response time and high throughput) search over textual components of
thelA.
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2.9.2.1.4.1. Language coordinate
Defines version, language, dialect, module, path, and version for retrieval.
2.9.2.1.4.2. Concept specification

Consists of aconcept identifier aswell asacurrent textual description of that concept. The use of Concept
Specifications ensures validation of a computable key (the concept identifier) with human interpretable
text. If the concept retrieved from the identifier does not contain the textual description, avalidation error
will be throws.

End users must not constrict by entering or copying and pasting concept identifiers. They must be provided
a drag-and-drop interface uses concept specs so that the identifiers may be validated against the users
understanding of the description of those components as part of the query process.

2.9.2.1.4.3. Regular expressions

Queries must support regular expression clauses over descriptions.
2.9.2.1.4.4. Indexed full-text search

Queries must support full-featured text search clauses over descriptions.

Text search features must include:

- Ranked searching -- best results returned first

- Phrase queries

- Wildcard queries

- Proximity queries

- Range queries

- Fielded searching (e.g. title, author, contents)

- Simultaneous update and searching

- Flexible faceting, highlighting, joins and result grouping

- Fast, memory-efficient and typo-tolerant suggestions
2.9.2.1.4.5. Concept for component substitution

Substitute the concept that encloses a component in the result set of the child clause. For example, return
the concept for all members of acomment Refex that have an active status.

2.9.2.1.4.6. Fully specified description substitution

Substitute the fully specified description—in the specified preferred language and dialect—for all active
concept members of the veterinary Refex.

2.9.2.1.4.7. Preferred description substitution

Substitute the preferred description —in the specified preferred language and dialect—for all active con-
cept members of the veterinary Refex.
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2.10. Concept

ConceptChronology extends ObjectChronology with specific methods to identify and describe concepts.
All identifiable concepts used in higher layers must be present in this layer.

The architectureis concept oriented. Its entries are organized conceptually, rather than by term. Whereasa
dictionary startswith the termin a given language and captures all its possible meanings, the terminology
layer is based on the concept, that is, the conceptua content, to which the terms in various languages
correspond. [10]

2.10.1. Homogenous semantics units

The concept-orientation principle will extend to al declarative semantics within the architecture. For ex-
ample, units of measure will be represented as concepts (as SNOMED CT already provides), rather than
as text fields (as UCUM would provide). Although the internal representation of the architecture will be
concept-oriented, the ability to interoperate with text-based semantics may be provided through reference
extensions (as described in Section 3.8 Reference extension layer ) to the appropriate concept.

Aswith units of measures, language information will be encoded as concepts, rather than text fields. Text
fields will not be used for machine processable semantics. Text fields will only be used for presenting
language to the user for comprehension of the underlying concepts.
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Package identity ‘
I ConceptSpecification
. . m getConceptSequence
Package commit ’ - 1 Package externalizable ‘ 9 ptSeq 0
m getConceptDescriptionText()
A
m toExternalString()
A
I ObjectChronology
m getLatestVersion(Class<V>, StampCoordinate) Optional<LatestVersion<V>>
m jsLatestVersionActive(StampCoordinate) boolean
m getVersionList() List<? extends V>
m getVersionGraphList() List<Graph<? extends V>>
m getVisibleOrderedVersionList(StampCoordinate) List<? extends V>
m getVersionStampSequences() IntStream
m getSememelList() List<? extends SememeChronology<? extends SememeVersion<?>>>
m getSememelListFromAssemblage(int) .ist<? extends SememeChronology<? extends SememeVersion<?>>>
m getSememeListFromAssemblageOfType(int, Class<SV>) List<? extends SememeChronology<SV>>
ConceptChronology

createMutableVersion(State, EditCoordinate)

createMutableVersion(int)

containsDescription(String) boc
containsDescription(String, StampCoordinate) boc
getConceptDescriptionList() SememeChronology<? extends DescriptionSememe<?>>>
getFullySpecifiedDescription(LanguageCoordinate, StampCoordinate) ememe<?>>>
getPreferredDescription(LanguageCoordinate, StampCoordinate) itionSememe<?>>>
getRelationshipListOriginatingFromConcept() 1ds RelationshipVersionAdaptor<?>>>
getRelationshipListOriginatingFromConcept(LogicCoordinate) ersionAdaptor<?>>>
getRelationshipListWithConceptAsDestination() 5 RelationshipVersionAdaptor<?>>>
getRelationshipListWithConceptAsDestination(LogicCoordinate) sionAdaptor<?>>>
getLogicalDefinition(StampCoordinate, PremiseType, LogicCoordinate) meme<?>>:
getLogicalDefinitionChronologyReport(StampCoordinate, PremiseType, LogicCoordinate)
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This constraint ensures that the traditional “information models’ that are representable and can have well
defined and consistent relationship with the concepts layer, and that those models can be specifically
designed to work coherently with the underlying concepts.

2.10.1.1. Concept service

Text

Figure 2.13. Concept service
@ Contract

I ConceptService

m getConcept(int) ConceptChronology<? extends ConceptVersion<?>>

ml getConcept(UUID...) ConceptChronology<? extends ConceptVersion<?>>

m getOptionalConcept(int) Optional<? extends ConceptChronology<? extends ConceptVersion<?>>>

m getOptionalConcept(UUID...) Optional<? extends ConceptChronology<? extends ConceptVersion<?>>>

m writeConcept(ConceptChronology<? extends ConceptVersion<?>>) void
ml jsConceptActive(int, StampCoordinate) boolean
m getSnapshot(StampCoordinate, LanguageCoordinate) ConceptSnapshotService
m getConceptCount() int
m getConceptChronologyStream() Stream<ConceptChronology<? extends ConceptVersion<?>>>

m getParallelConceptChronologyStream() Stream<ConceptChronology<? extends ConceptVersion<?>>>

m getConceptChronologyStream(ConceptSequenceSet)  ConceptChronology<? extends ConceptVersion<?>>>

m getParallelConceptChronologyStream(ConceptSequenceSet)  tChronology<? extends ConceptVersion<?>>>

2.10.1.2. Concept snapshot service

Text
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Figure 2.14. Concept service

o

ConceptSnapshotService

m! isConceptActive(int) boolean
m getConceptSnapshot(int) ConceptSnapshot
m getStampCoordinate() StampCoordinate
m! getLanguageCoordinate() LanguageCoordinate

m! getFullySpecifiedDescription(int)  onSememe<?>>>
m! getPreferredDescription(int)  scriptionSememe<?>>>
m' getDescriptionOptional(int)  scriptionSememe<?>>>

m! conceptDescriptionText(int) String

2.10.2. Language & dialect

Text

2.10.3. Versioned Graph

Text

2.10.4. Description logic

Text

2.10.5. Taxonomy

Text

2.10.6. Query

Text

2.10.7. Transformation
Text
2.10.7.1. Nesting transformation

Text

2.10.7.2. Flattening transformation

Text
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2.10.7.3. Isosemantic transformation

Text

2.10.7.4. XSLT extensions

XSLT extensions provide for accessing computed values, values that can not be obtained simply from the
structure of underling objects

2.10.7.4.1. kind-of

From the computed taxonomy relationships, based on the DL
2.10.7.4.2. member-of

Member of a assemblage based on query and STAMP version
2.10.7.4.3. description-of

Using language, dialect, and STAMP version.

2.10.8. Rule

Text

2.10.9. Domain

The domain layer hosts abstractions built from the underlying layers that describes selected aspects of a
sphere of knowledge, influence, or activity. Thedomain model isarepresentation of meaningful real-world
concepts pertinent to the domain that need to be modeled in software. The concepts include the data in-
volved in the business and rules the business uses in relation to that data.

2.10.9.1. Semantic document markup

Specifically choosing names to avoid confusion between HL7 structured documentation such as clinical
document architecture.

2.10.9.2. Terminology model

Definesageneral -purpose representation of terminology systemsableto represent SNOMED CT, LOINC,
and RxNorm using description logics, languages, and dialects.

2.10.9.3. Semantic extension model

Defines ageneral -purpose representation of terminology systemsableto represent SNOMED CT, LOINC,
and RxNorm using description logics, languages, and dialects.

2.10.9.4. Observable model

SNOMED/LOINC observable model.
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2.10.9.5. Observation result model
CIMI observation result model.
2.10.9.5.1. Presence, absence, and unknown

Dot blot hemorrhage absent vs zero Dot blot hemorrhages vs it is not known if the patient has dot blot
hemorrhages. [0,0]; (0,00); [0,0).

2.10.9.5.2. Proximal provenance
The proximal provenance represents the last step in determining how the value of the observation result
was obtained. For a blood pressure measurement, examples may be concepts such as "by provider mea-
surement,” "by patient report,” or "from prior encounter document.” In the case of a null value for an
observation result, examples may be concepts such as "not asked", "not asked because question is not
applicable", "not asked because patient is unconscious.” The proximal provenance supports a superset of
the semantics of the HL7 null flavors for null values, in addition to supporting provenance information
regarding bonafide values.

2.10.9.5.3. Subject of information

This value is associated with the patients, partner, relative, etc. Needs to have the ability to represent the
precision necessary for agenetic history.

2.10.9.6. Request model

abc

2.10.9.7. Encounter document model

Represents the assertions and requests that are associated with an encounter with either the patient, a
specimen related to the patient, or data pertaining to the patient

2.10.9.8. Questionnaire model

A static representation of questions in machinable form, that when presented to—and completed by—a
user from within a compliant application, resultsin awell-formed encounter document.

2.10.10. Script

Text

2.10.11. Workflow

Text

2.11. ISAAC layer concerns

 Start at the bottom layer

» Canthelayer represent the necessary information?
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 Will addressing the concern at thislayer result in undesirable combinati ons/complications? (maybe each
layer definesit's own rules?)

2.11.1. Identity

Every identified object isgiven aUUID.

2.11.2. Chronology

An identified object may participate in one or more modules over time, and that participation may be with
a status of active or inactive within that module, may be on a development branch, or master branch of
that module, and the participation within that branch is authored by an identified entity at a point in time.

2.11.3. Semantic extensibility

An identified chronology may extended another identified chronology by specifying the identifier of the
object it is extending, and a second identifier for another identified chronology that defines the semantics
of the relationship. The identifier of the extension chronology is the origin identifier, and the identifier
of the extended chronology is the destination identifier. The identifier of the identified chronology that
defines the semantics of the relationship provides a type identifier for the relationship, and the set of all
extensions of a particular type arereferred to as an assembl agez, to easily differentiate thistype of set from
other types of sets viaanaming convention.

2.11.4. Representational generality

The ability for chronol ogiesto semantically extend (add meaning to) other chronologiesresultsin an prop-
erty-graph data structure, where the properties of anode are represented by the identifiers of it's semantic
extensions. A bonus of the underlying chronology associated with each identified chronology is that the
resulting property graph is versioned and modular, and thus can represent relationships between objects
that may change over time.

The property graph is a generic mathematically-oriented graph that supports both labels and key/value
properties. More formally, it isadirected, binary, attributed multi-graph.

The property-graph data structure can represent any parsable computing language, such asOWL EL, Java,
Drooals, and so forth. As such, it is a general representation that can confidently serve as a general foun-
dation for symbolic data.

Interesting article on relating property graphs to RDF. 3

2.11.5. Modularity

Modules have identity, branches, snapshot versions, and released versions.

ISAAC defines amodular system and a service platform for clinical knowledge management that imple-
ments acomplete and dynamic component model. ISAAC provides an environment for the modul arization
of knowledge resources into artifacts. Artifacts are uniquely identified by a group id and an artifact ID
which is unique within agroup. Each artifact is atightly coupled, dynamically loadable collection of lan-
guage, definitional, assertional, statement, and procedural resources that explicitly declare their external
dependencies (if any). http://www.mkbergman.com/489/ontol ogy-best-practi ces-for-data-driven-applica-

tions-part-2

2A collection of things.
3https//neo4j .com/blog/rdf-triple-store-vs-label ed-property-graph-difference/
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2.11.6. Configuration

Versioned dependencies between modul es represent configurations of a system.

2.12. Crosscutting concerns
2.12.1. Understandability, reproducibility, and utility

2.12.2. Query

2.13. Coordinate-based separation of concerns

2.13.1. STAMP coordinate
2.13.2. Language coordinate
2.13.3. Logic coordinate
2.13.4. Manifold coordinate

Frequently, one coordinate in isolation is not sufficient. The manifol d* coordinate provides a single coor-
dinate that integrates the other three for

2.13.5. Snapshot services

4A whole composed of diverse elements.
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3. ISAAC's KOMET

ISAAC's KOMET isthe KnOwledge Management Environment that enables building Linguistic, Defini-
tional, Assertional, Statement, and Procedural representations using ISAAC's building blocks.
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4. Language

Language is used to describe identified components.
4.1. Language Layer Concerns
4.1.1. Language

4.1.2. Dialect

4.2. Cross Cutting Concerns
4.2.1. Understandability, Reproducibility, and Utility
4.2.2. Query

4.3. Concordance

The language used to describe a component must be concordant with the underlying semantics of the
object being identified.

4.4. KOMET support for Language
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5. SOLOR language representation
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6. KOMET support for language
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7. Definitional

7.1. Definitional Layer Concerns

7.1.1. EL++ definitions of concepts

7.2. Definitional Layer Exclusions
7.2.1. Logical negation

7.2.2. Measurement

7.3. Crosscutting Concerns
7.3.1. Understandability, Reproducibility, and Utility

7.3.2. Query

7.4. Definitional Operators

isoneof thefew description logicsfor which standard reasoning problems such as consistency, and concept
subsumption are decidable in polynomial time. To gain thistractability, commonly-used constructors such
as universal value restrictions, inverse roles, and functional roles have been sacrificed.

7.4.1. Conjunction
7.4.2. Disjointness
7.4.3. Reflexive roles

7.4.4. Role inclusions

role inclusions allow expression of role hierarchies, transitive roles and right identities.

1Comparison of Reasoners for large Ontologies in the OWL 2 EL Profile. Kathrin Dentler, Ronald Cornet, Annette ten Teije, and Nicolette de
Keizer http://www.semantic-web-journal.net/sites/defaul t/fil es/swj120_2.pdf
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7.4.5. Necessary axioms
7.4.6. Sufficient axioms

7.4.7. Defining relationships

Role relationship are represented as existentia restrictions

7.4.8. 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. 2

Concrete domains are used to model quantities in the definition of concepts, such as defining how much
ibuprofen may bein amedication tablet.

7.4.9.

7.5. Principles

This section identifiesthe fundamental principlesthat will be applied when creating the modelsfor Clinical
Decision Support (CDS) Knowledge Artifacts ("KNARTS").

7.5.1. Principle 1: Separation of Concerns

Definition; Separation of Concerns
The use of Immutable Objects is atechnique that fulfills the Separation of Concerns principle.

Attributes that describe specific semantic concepts should be grouped together into a single class and not
be spread across a number of classes. Doing the latter leads to tight coupling between classes. Doing the
former leads to better decomposition of a potentially complex domain.

Example: Attributes for a Role (e.g., Practitioner) should not be mixed with attributes for an Entity (e.g.,
Person). This allows a person to assume a number of roles over their lifetime or to function in more than
onerole.

2SNOROCKET 2.0 Concurrent Domains and Concurrent Classification

Swiki pedia: In computer science [https://en.wikipedia.org/wiki/Computer_science], separation of concerns (SoC) isadesign principlefor separating
acomputer program [https://en.wikipedia.org/wiki/Computer_program] into distinct sections, such that each section addresses a separate concern
[https://en.wikipedia org/wiki/Concern_(computer_science)]. A concern is a set of information that affects the code of a computer program. A
concern can be asgenera asthe details of the hardware the codeis being optimized for, or as specific asthe name of aclassto instantiate. A program
that embodies SoC well is called a modular [https://en.wikipedia.org/wiki/Modular_programming] program. Modularity, and hence separation
of concerns, is achieved by encapsulating [https://en.wikipedia.org/wiki/Encapsulation_(computer_programming)] information inside a section of
code that has awell-defined interface. Encapsulation is a means of information hiding [https://en.wikipedia.org/wiki/Information_hiding]. Layered
designs in information systems are another embodiment of separation of concerns (e.g., presentation layer, business logic layer, data access layer,
persistence layer. The value of separation of separation of concerns is simplifying development and maintenance of computer programs. When
concerns are well-separated, individual sections can be reused, as well as developed and updated independently. Of special value is the ability to
later improve or modify one section of code without having to know the details of the other sections, and without having to make corresponding
changes to those sections.
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7.5.2.

7.5.3.

7.5.4.

Principle 2: Immutability

Definition: Immutable Object*Although building immutable objects ... requires a bit more up-front com-
plexity, the downstream simplification forced by this abstraction easily offsets the effort. One of the ben-
efits of switching to a functional mindset is the redlization that tests exist to check that changes occur
succesfully in code. In other words, testing's real purpose isto validate mutation - and the more mutation
you have, the moretesting is required to make sure you get it right. If you isolate the places where changes
occur by severely restricting mutation, you create amuch smaller space for errorsto occur and have fewer
places to test.

Finally, one of the best features of immutable classesis how well they fit into the composition abstraction.

https.//www .ibm.com/devel operworks/library/j-ft4/index.html

Principle 3: Phenomenon

Definition: Observation of Phenomenon®Observation is the active acquisition of information from a pri-
mary source. In living beings, observation employs the senses. In science, observation can also involve
the recording of data via the use of instruments. The term may also refer to any data collected during the
scientific activity. The human mind, and modern scientific instruments can extensively process "observa
tions" before they are consciously surfaced to the observer. This unconscious or automated pre-process-
ing of data makes answering the question as to where in the data processing chain "observing”" ends and
"drawing conclusions’ beginsdifficult. For our purposes, we do not try to draw aline between “ observing”
and “drawing conclusions’ because for our analysis purposes, the distinction isimmaterial.

https.//www.revolvy.com/main/index.php?s=Qualitative%20property& item_type=topic

Principle 4. Measurement

Definition: Standard...

Definition; Measurement consists of using observation to compare the phenomenon being observed to
astandard [not anormal range]. Measurement asserts something. These standards can be qualitative, that
is, only the absence or presence of a property is noted, or quantitative if a numerical value is attached
to the observed phenomenon by counting or measuring. The standard of comparison can be an artifact,
process, or definition which can be duplicated or shared by all observers, if not by direct measurement
then by counting the number of aspects or properties of the object that are comparable to the standard.
Measurement reduces an observation to a number which can be recorded, and two observations which
result in the same number are equal within the resolution of the process.

Units of measure: Units of measure can include relative measures... Relative to effective time, Relative to
Unix Epoch, Relative to freezing point of water, relative to absolute zero. Others have a concern that there
should be no units of measure for Ratio... It is dimensionless. What is wrong with saying that the units
are dimensionless? What use cases cannot be met? We can call it something other than units of measure
if that is the underlying problem... Level of measurement or scale of measure [https://en.wikipedia.org/
wiki/Level _of measurement#Nominal_scale] may provide a basis for what we are looking for.

4Wikipedia: Used in object-oriented and functional programming, an immutable object is something that cannot be changed after it is created, in
contrast to mutable objects that can be changed after they are created. There are multiple reasons for using immutable objects, including improved
readability and runtime efficiency and higher security.

5Wikipedia: In scientific usage, a phenomenon is any event that is observable, however common it might be, even if it requires the use
of instrumentation to observe, record, or compile data concerning it. For example, in physics [https://en.wikipedia.org/wiki/Physics], a phe-
nomenon may be described by a system of information [https://en.wikipedia.org/wiki/Information] related to matter [https://en.wikipedia.org/
wiki/Matter], energy [https://en.wikipedia.org/wiki/Energy], or spacetime [https://en.wikipedia.org/wiki/Spacetime], such as Isaac Newton
[https://en.wikipedia.org/wiki/lssac_Newton]'s observations of the moon [https://en.wikipedia.org/wiki/Moon]'s orbit and of gravity [https:/
en.wikipedia.org/wiki/Universal_gravitation], or Galileo Galilei [https://en.wikipedia.org/wiki/Galileo_Galilei]'s observations of the motion of a
pendulum [https://en.wikipedia.org/wiki/Pendulum].
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Level of measurement or scale of measure is a classification that describes the na-
ture of information within the values assigned to variables [ https://en.wikipedia.org/wi-
ki/Dependent_and_independent_variables].

7.5.5. Principle 5: Composition Over Inheritance
Definition: TBD

Composition over inheritance (or composite reuse principle€) in object-oriented programming isthe princi-
ple 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 inheritance from a
base or parent class.

To favor composition over inheritance is a design principle that gives the design higher flexibility. It is
more natural to build business-domain classes out of various components than trying to find commonality
between them and creating afamily tree.

Initial designissimplified by identifying system object behaviorsin separate interfacesinstead of creating
a hierarchical relationship to distribute behaviors among business- domain classes via inheritance. This
approach more easily accommodates future requirements changes that would otherwise require acompl ete
restructuring of business-domain classes in the inheritance model.

https.//en.wikipedia.org/wiki/Composition_over_inheritance

Item for Consideration: Should we say that we only allow inheritance for a single concern, i.e., we can
subtype measurement but not subtype a combination of phenomenon type and measurement type?

7.5.6. Principle 6: Analysis Normal Form Clinical State-
ments Represent the Minimum Disjoint Set

Analysis Normal Form (ANF) clinica statements represent the minimum disjoint set of statement topic
and circumstances and may not be further specified.

Current examples of naming these top-level clinical statement types are shown in the table below. HOw-
ever, it is possible that a few more will need to be added. The proof would be if we find a use case that
does not fit into any of the top-level statements shown below.

Table7.1. Current Top-Level Clinical Statements

Clinical Statement
Top-Level Clinical Statement|Topic Circumstance
Type
Phenomena Measurement Phenomena Measurement
Phenomena Measurement Goal Phenomena God
Action Request Action Request
Action Performance Action Performance

7.5.7. Principle 7: Analysis Normal Form Classes Cleanly
Separate Concerns

Analysis Normal Form (ANF) classes must cleanly separate the concerns of concept definition and the
concerns of domain models.
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7.5.8.

Topic

7.5.9.

* Need to define thoroughly the domain models here. The strawman description is that domain model
use concept definitions as a building block to define non-defining rel ationships or associ ations between
concepts. The domain model represent cardinality, optionality, and other constraints.

« Example: Laterality should be a concern of either the concept definition or the domain model, but
not both. We can relax this principle for the Clinical Input Form but for ANF, we need a clean and
invariant separation of concerns.

* Need to determine better names for "concept definition" and "domain models.”

Principle 8: Unique Concerns are Part of the ANF

Concerns unique to adiscipline are included as part of the topic in Analysis Normal Form.
Example: Route of administration specification within arequest is unique to adiscipline (pharmacol ogical

therapeutics), but not part of requests from other disciplines (e.g., homework requests from school) and
would be represented in the topic, not in the circumstance.

Principle 9: Universal Concerns are Part of the

ANF Circumstance

Concerns that are universal to all disciplines are included as part of the circumstance in Analysis Normal
Form.

Example: All requests have a requestor; therefore, the requestor would be part of the circumstance in
Analysis Normal Form.

7.5.10. Principle 10: Clinical Statement Model Stability

Stability is different from immutability. Stable means that the model can still meet unanticipated require-
ments without having to change. It is not acceptable to change the model every time anew way to admin-
ister adrug or to treat acondition isidentified. By representing these types of potentially dynamic 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. As Terry Winograd said, anticipating breakdowns,
and providing a space for action when they occur, is adesign imperative.

In someregards, in this context "stable" means "not brittle." A model easily broken by changes that some-
one could anticipate is one possible definition of brittle. A stable model is critical in the phase of aknown
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.

7.5.11. Principle 11: Overall Model Simplicity

In cases where different principles collide, we shall favor the enhancement of simplicity of the entire
system over simplicity in one area of the system.

7.5.12. Principle 12: Cohesion

Related classes should reside in the same module or construction. The placement of a classin a module
should reduce the dependencies between modules.
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7.5.13. Principle 13:Reusability

Architectural patterns should encourage class reusability where possible. Reusability may further refine
encapsulation when composition is considered.

7.5.14. Principle 14: Assumption-free

Implied semantics must be surfaced explicitly in the model.

Example: Implicit in the statement "I order abook from Amazon" are: paying for the book, delivery of the
book to some location, and the transfer of ownership of the book from the vendor to the client.

7.5.15. Principle 15: Design by Class Specialization and/
or Composition

The capture of additional model expressivity must be captured by composition and/or by class specializa-
tion. The modeling approach should avoid the use of design by constraint (except for terminology binding
and attribute type constraints) as it violates proper decoupling and encapsulation. An example of design
by constraint is to create a single procedure class containing all attributes for all known procedures and
constraining out irrelevant attributes in a more specialized model. This approach is very difficult to im-
plement and violates numerous object-oriented best practices

7.5.16. Principle 16: No False Dichotomies

Dichotomiesthat are not completely digjoint (mutually exclusive) lead to arbitrary classification rules and
result in ambiguity based on different assumptions about the domain. These must be avoided.

7.5.17. Principle 17: Model Should Avoid Semantic Over-
loading

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 subclass is 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., a medication orderable
catalog).

7.5.18. Principle 18: Convention over Configuration

Convention over configuration (also known as coding by convention) is a software design paradigm used
by software frameworks that attempt to decrease the number of decisionsthat adevel oper using the frame-
work is required to make without necessarily losing flexibility.

7.5.19. Principle 19: Model Consistency

Patterns should allow the consistent representation of information that is commonly 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 attribution information that is repre-
sented or extended differently in different classes (e.g., FHIR).
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7.5.20. Principle 20: Model Symmetry

There should be symmetry in the models wherever we can have it.

7.6. Concerns

This section identifies concernsrelated to the application of the fundamental principlesthat will be applied
when creating the models for Clinical Decision Support (CDS) Knowledge Artifacts ("KNARTS").

7.6.1. Concern 1: Phenomenon Measurement

We need asimple, and universally applicable way to represent phenomenon measurement.

7.6.1.1. Technique 1.1: A quantitative approach

Aswe' ve discussed:

[0,0] absent

[0,3] possibly present, but no more than 3
[0,00] unknown

[1,00] Present

[4-6] 4-6

7.6.2. Concern 2: ldentification of Equivalent Observa-
tion Results

Identification of equivalenceisimperative to enable data analytics, decision support, and other secondary
uses of data.

7.6.2.1. Technique 2.1 Inverse Concepts

Inverse concepts are concepts which are considered opposites of another. Loosely based on the idea
of a multiplicative inverse. Cooperative = 1/Uncooperative. Define Cooperative as the LEft Inverse
Form (LEIF), and Uncooperative as the Right Inverse Form (RIF). We create editorial guidelines as to
what constitutes a LEIF vs a RIF concept. We start out with a straw man rule that “Concepts that assert
the positive are LEIF concepts, Concepts that are the inverse of a LEIF concept are RIF concepts.” By
generically stating right and left hand sides of the inverse function Cooperative inverse Uncooperative -
> LEIF inverse RIF, we have a semantically unburdened categorization, so RIF concepts are not required
to negate something... And we are not bound specifically to our first straw-man rule of “asserting the
positive” if we find better discriminators.

We then work to move RIF concepts to a set of RIF extensions. RIF concepts will be excluded from the
normalized form, and must be converted to L EIF concepts as part of the normalization process.

The Inverse function will apply specifically to an Observation Result. We won't try to apply it to an
expression for the purposes of using that expression in classification.
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7.6.2.2. Technique 2.2 OWL EL Profile Definitions and Classification
of Normalized Form
OWL EL profilewith concrete domains supports multiple sufficient sets, and necessary conditions, and an

ability toinclude concrete domains, such asingredient strength, Concepts which have provably equivalent
definitions by an appropriate classifier are considered equivalent.

7.6.2.3. Technique 2.3 Equivalence by Generalization and Subsump-
tion
Often, equivalence is most appropriately considered with regard to a generalization. For example, al pa-

tients with presence or absence of diabetes mellitus. The equivalence to diabetes mellitus is determined
though the use of an is-ataxonomy computed as part of Technique 2.2.

7.6.2.4. Technique 2.4 Equivalence Among Post-coordinated and
Pre-coordinated Expressions
All post-coordinated expressions are converted to conceptswith asingleidentifiers, and the equival ence of

the post-coordinated and pre-coordinated expressions is determined through the classifier's computation
of logical equality, and through use of the is-ataxonomy the classifier computes

7.6.2.5. Technique 2.5: Multiple Sufficient Sets, Independent of the
Necessary Sets

Need to insert description here.

7.6.2.6. Technique 2.6: Concrete Domains

Need to insert description here.

7.6.3. Concern 3: Ildentification of Logical Inconsisten-
cies

Need description for this concern.
7.6.3.1. Technique 3.1 Disjoint Concepts

I dentifying concepts as disjoint can be used to identify logical inconsistencies, at dataentry time, or during
other

7.7. "Not Elsewhere Classified" Revisited

Each concept used as a[interpretation, qualifier, 7], within avalue set, must be accompanied by sufficient
informationto reconstruct the value set, and the val ue set must provide apartial order such that the concept's
"range" of meaning can be determined.

For example, a concept representing a color selected from the value set { Red, Green, Blue} will have a
different range than a color selected from the value set { Red, Orange, Green, Y ellow, Blue (get a better
example of agranular color set ordered properly by em spectrum)} .
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7.7.1.

Create a set of "intrepretative concepts,” or a similar construct, that is the intrepretation of that concept
when constrainted by avalue set...

Same preferred name, fully specified name incorporates the identify of the refset that constrained the
concept.

Values from Constraints

If aconcept is used as an intrepretation, the values from which they were sel ected must accompany some-
how so that the value can be determined against a partial ordering.

Interpretation concepts can have children just like the can have units of measure?
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8. SOLOR definitional knowledge

8.1. Top Level Categories

8.1.1. Phenomenon

8.1.2. Action

Procedure + event?

8.1.3. Organism

8.1.4. Substance

Food?

8.1.5. Physical object

Pharmaceutical / biologic product

8.1.6. Specimen

8.2. Accepted relationship types

8.2.1.I1sa

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

Exampleof incorrect use.  Give an example of incorrect use here.

8.2.2. Morphology

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

Exampleof correct use.  Give an example of correct use here.
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8.2.3.

8.2.4.

8.2.5.

8.2.6.

8.2.7.

Exampleof incorrect use.  Give an example of incorrect use here.

Causative agent

The term disease causative agent usualy refers to the biological pathogen that causes a disease, such asa
virus, parasite, fungus, or bacterium, or can refer to atoxin or toxic chemical that causesillness. Welding
fume as a causative agent.>? Where would it be represented??

Episodicity

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

Exampleof incorrect use.  Give an example of incorrect use here.

Topography

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

Exampleof incorrect use.  Give an example of incorrect use here.

Process

Pathologic processes are not always pathologic?

Definition.  Insert definition here.

Utility.  Describe why the role is useful here.

Exampleof correct use.  Give an example of correct use here.

Exampleof incorrect use.  Give an example of incorrect use here.

Severity

Definition.  Insert definition here.

Iweldi ng of stainless steel isawell recognised cause of occupational asthma, the chrome in the fume has been shown to be the cause in some chal-
lenge 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 comes from longitudinal studies of apprentice welders.

2hitps://en.wikipedia.org/wiki/Disease causative_agent
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Utility. Describe why therole is useful here.
Example of correct use.  Give an example of correct use here.

Exampleof incorrect use.  Give an example of incorrect use here.

8.3. Undetermined relationship types

8.3.1. After

8.3.2.

8.3.3.

8.3.4.

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

Exampleof incorrect use.  Give an example of incorrect use here.

Before

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

Exampleof incorrect use.  Give an example of incorrect use here.

Clinical course

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

Exampleof incorrect use.  Give an example of incorrect use here.

Due to

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

Exampleof incorrect use.  Give an example of incorrect use here.
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8.3.5.

8.3.6.

8.3.7.

During

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

Exampleof incorrect use.  Give an example of incorrect use here.

Occurrence

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

Exampleof incorrect use.  Give an example of incorrect use here.

Temporally related to

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

Exampleof incorrect use.  Give an example of incorrect use here.

8.4. Excluded relationship types

8.4.1.

8.4.2.

Associated with

In some cases, you may wish to make association with things that are absent. So if you exclude logical
negation, you can't make these associations within the definitional layer, you must make these associations
within the statement layer.

Definition.  Insert definition here.

Utility.  Describe why the role is useful here.

Exampleof correct use.  Give an example of correct use here.

Exampleof incorrect use.  Give an example of incorrect use here.

Finding informer
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8.4.3.

8.4.4.

8.4.5.

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

Exampleof incorrect use.  Give an example of incorrect use here.

Finding method

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

Exampleof incorrect use.  Give an example of incorrect use here.

Has interpretation

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

Exampleof incorrect use.  Give an example of incorrect use here.

Interprets

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

Exampleof incorrect use.  Give an example of incorrect use here.

8.5. Concept Analysis: Identify SOLOR Content
that Requires Special Handling

8.5.1.

Purpose

The creation of RefSets containing SNOMED CT concepts that require specia handling supports the
maintenance of this content over time without the necessity of re-reviewing the entire content.

Concepts may require special handling for a number of reasons:

 Hierarchies may be incorrect and could affect retrieval
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8.5.2.

8.5.3.

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

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

» Concept includes negation

» Concept is not related to the subject of record
 Concept is acompound observations concept
» Concept is ambiguous within a Ref Set

This document outlinesthe agreed upon rules, the reasoning for applying those rules and provides practical
examples of how they are applied. Also, included are the inter-rater reliability metrics for the concepts
evaluated and specificity and sensitivity metrics for the keywords used to find relevant concepts.

General Approach

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

For each of the RefSets for inclusion, word patterns that explicitly or implicitly identify a concept as a
member of the RefSet were developed. As a first 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 RefSet.

The sets of concepts that resulted from the initial automated query were then assigned to at least two
independent reviewers to confirm or deny RefSet 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
Ref Set membership could not be determined were extracted and added to a separate Ref Set.

Concepts Including Negation

Negation, wherein the strictest sensewithin thedescription logic 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 "isA". Take the following
figure as an example:
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Figure 8.1. Effect of isA on Negation

| 4 .
O

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

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

In ahierarchical structure, isA isaone-way pointer. If B isachild, and A isaparent, that meansB isA A.
However, one cannot flip that relationship. For example, one can express that one is "having an apple”,
and by the definition of isA, one can assume that one is "having a fruit" (apple is afuit). However, this
directionality cannot be flipped because "having a fruit" does not necessarily mean that one is "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
scenario, if one were to express having "no fruit", one could deduce that one is also having "no apple".
Note the directionality of theisA in this scenario, which is opposite of the previous example.

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

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

“Negation” vs. “Affirmation” are two polar opposite paradigms within the SNOMED CT Concept Model.
Where “ Affirmation” represents a statement that e.g. a finding or a disorder is present, negation states
their absence.

However, in SNOMED, theexpression 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)|
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“Negation” concepts are generally located in the “situation with explicit context” hierarchy, where the
Context terminological model is consistently applied. Conceptsincluding or implying negation, which are
located outside this hierarchy pose challenges for the logical semantic hierarchies they reside in. For the
purpose of this project we 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 negation concepts remains “ upside-down”.

Example:

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

8.5.3.1. Rule Set Considerations

Besidesclearly stated negationinthe SNOMED CT (SCT) Fully Specified Names (FSN), implied negation
had to be considered in a number of contexts.

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

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

8.5.3.2. Rules Defined For Inclusion in “Negation” RefSet

» 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* Magnetic resonance imaging without contrast (procedure)”
» FSN negates everything “other” than what it describes.

Example: Perception of anything other than light in “ Perceives light only (finding)”

8.5.3.3. Queries to ldentify Candidate Concepts for Negation RefSet

Identify content that would need to be evaluated for negated 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:

* lower(term) like '% no %'
* or lower(term) like 'no %'
* or lower(term) like '% not %'

* or lower(term) like 'not %'
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* or lower(term) like '%unilateral %'

* or lower(term) like '%none %'

« or lower(term) like '%without%'

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

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

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

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

as described above.

8.5.3.4. Examples for Inclusion/Exclusion in Negation RefSet

Keyword: “NO”

276035000

104327001

164390003

405491001

226238008

Keyword: “NOT”

No help available (finding)
No ankle movement (finding) v
Something about the subject
Electrocardiogram: no heart block (finding) v
Adverse incident resulting in no harmful 7
effect (finding)
No beef diet (finding) @ “No beef” 1z not about the s

138837001

401169009

248256006

303863001

183052003

Does not eat (finding)

" u J
Hai yetwoalkinz {Budiog) Something about the subject
Not getting enongh sleep (disorder) v
Reduction of dislocated joint, not prosthetic 7 G ek ne Aot thin'p |
(procedure)
Recommendation not to eat (procedure) @ “Not™ does not apply to the §

Keyword: “WITHOUT”
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41119002 Akinetic seizure without atonia (finding)
Incontinence without sensory awareness
448521006 (finding) 3 Something about the subject
400081000 Blister without infection (disorder) v
Magnetic resonance imaging without 7 :
90084008 contrast (procedure) Something about the proced

Keyword: “NONT” or

"NON-X"

395278002

169934009

S0874004

34390007

445303008

Keyword: “ONLY”

Sensory nerve conduction block - none

{finding)
Immature white blood cells - none present o ; =

: Something about the subjec
(finding) B 1
Nonerosive nonspecific gastritis (disorder) L
Nonexcisional debridement of burn :

v

(procedure) Something about the proced
Compression of lymphedema using ® e B ik gl

nonelastic compression device (procedure)

260296003
170745003

267728000

173200004

169471006

Keyword: “UNABLE”"

Perceives light only (finding)

Diabetic on diet only (finding)

Blind or low vision - one eye only (disorder) L Everything other than what t
Mediastinoscopy - inspection only o

(procedure)

Progestogen-only pill failure (finding) @ “Progestogen-only™ is about ¢
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282475008 Unable to ron (finding)
Something about the subjec
2138885009 Unable to eat (finding)
Keyword: “INABILITY”
47695004 Imability to cope (finding)
. P Something about the subjec
240881006 Inabl:hty to imitate tongue movements o
(finding)
Keyword: “REJECTED”
135339007 Sample rejected (finding) Something about the subject
Aszzumption: “Sample/Specit
373830007 Specimen rejected / not processed (finding) o« record.
284145003 Excision of rejected transplanted kidney ® % inetad iz mad abonithe b
(procedure)
8.5.4. 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 procedures are performed on the subj ect of record (the patient).

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. For the purposes
of this project we are not focusing on the concepts within the “situation with explicit context” hierarchy
as they have their context already identified using the context attributes.

8.5.4.1. 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 RefSet are ulti-
mately 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” RefSet:
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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)

8.5.4.2. Queries to ldentify Candidate Concepts for Patient Not Sub-
ject of Record RefSet

I dentify content wher e the subject of record in NOT the patient:
 Subject Relationship Context < > Subject of Record

» 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 '%owife%'

« 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.

8.5.4.3. Examples for Inclusion/Exclusion in “Patient Not Subject of
Record” RefSet

Examples: “Family”, “Family Members’, “Friends’ or Other “ Social Contacts”
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169944002

185412005

2124334009

224139006

307101004

218302005

Mother has a social worker (finding)

Although it is the pattent gz “Moth

Father made appointment (finding) v about the “Mother”. “Father” o *
Friend arrested (finding) v
Lives with mother (finding) @ Conecept is about the patient, who

Concept is about the patient, who

Deserted by father (finding) @ father

Drinks with friends (finding) @ Concept is about the patient, who

8.5.5. 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.

8.5.5.1. Rule Set Considerations

Definition for Inclusion: The SNOMED CT concept describes morethan one observation or proce-
dure

Rulesfor Inclusion in “Compound Observation” RefSet:

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

Concept isabout X or Y, e.g., Massin head or neck (finding)

Concept isabout 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 pathology finding (find-

ing)

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

Concept is about X associated with Y, e.g., Limited duction associated with other condition of eye

(disorder)

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

8.5.5.2. Queries to Identify Candidate Concepts for Compound Ob-

servation RefSet

I dentify content that are compound obser vation concepts:
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¢ Any concept in Clinical Findings, Procedures, Situation with Explicit Context*, and Body Structures
hierarchies with strings matching:

* lower(term) like '% and %'

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

* or lower(term) like '% without %'

* or lower(term) like '% w/o %'

* or lower(term) like '% due to %'

« or lower(term) like '% and/or %'

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

« or lower(term) like '%resulting%’

* or lower(term) like '% caused by %'

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

or lower(term) like '% prior %'

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

Examples“X and Y”
417350002 ERespiratory tract congestion and cough (disorder)
247805009 Anxiety and fear (finding) v Concepts deseribe more than

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

287613009 Middle ear syringing or suction (procedure) v

Examples“ X with Y”
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271503005 Pleural empyema with fistula (diserder)

120608000 Blister with infection (disorder) v Concepts describe more tt
29532006 Proctoscopy with biopsy (procedure) W
408521002 Lives with partner (finding) &

In these examples, the use of
the description of more than ¢

2113455001 Assisting with procedure (procedure) @

Examples“ X without Y”

Incontinence without sensory awareness

448521006 {Budiss)
41119002 Akinetic seizure without atonia (finding) v Concepts describe more than
{;ﬁilﬂﬂﬂ'l Ischemic stroke without coma (disorder) v
600242005 ?ﬁwnﬁ:;] apartment without elevator access @
In thesze examples, the use of
constitute an observation abo
262312009 Without floor of mouth depressed (finding) &

8.5.6. Reliability of Rule Sets

In order to determinereliability of theidentified keywords and rule sets for each RefSet, metrics of agree-
ment/disagreement for the initial review were used.

After thefirst two Terminologists reviewed the 50,000 SNOMED CT concepts individualy, applying the

initial set of rules for each RefSet. After thisfirst review, disagreements between the two Terminologists
were extracted from the concept files and re-assigned for discussion and reconciliation.

8.5.6.1. Initial Metrics for Inter-Rater Reliability

In the course of the reconciliation discussion, the initial rules were re-evaluated and either confirmed,
adjusted, clarified or eliminated to achieve a set of rules that is sufficiently expressive and reproducible.

The Ref Set membership status of al reconciled concepts was updated in the Ref Sets.
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The following metrics for agreement/disagreement percentages between the first two reviewers were cal-

culated:

Concepts Agreement (%)
Negated 95.89
Ambigous 99.72
Compound Observation 94.75

Patient is not Subject of Record 99.13

8.5.6.2. Second Review for Inter-Rater Reliability

After producing the “baseline” RefSets on which the two Terminologists agreed, another team of two
reviewers reviewed a random 10% of the concepts in the baseline RefSets, applying the rules for Inclu-
sion/Exclusion. Inter-rater reliability was calculated again between the two new reviewers.

Compound | Negation Patient
Eeview Count 4321 1273 /1
# of disagree 251 140 17
% agreement 94% 89% 76%

The results of this exercise show that the rules for the “ Compound Observation” RefSet appear to be the
most reproducible. The numbers for “Negation” and “Patient not subject of information” are lower.

However, considering that the second team of reviewers have not been part of the previous discussions
around theinclusion/exclusion criteria and were only given the rule setsto follow, we perceive the results
as positive.

The results of these metrics informed the final decision on the Inclusion/Exclusion criteria for each final
RefSet.

8.5.7. Final Set of Keywords and Rules

Based on the metrics and findings above, the set of keywords for automatic queries remained unchanged
for al RefSets. The rules for manual reviews was adjusted. This final set represents the criteria with the
highest reproducibility.

8.5.7.1. Final Keywords and Rules for “Negation”

A number of keywords, which had initially been used to manually identify “Negation” concepts were
excluded after reconciliation of disagreements between thefirst team of reviewers. Those pertained mostly
to implied negation.

Examples for excluded keywords during manual review:

* Reected

» Unchanged

* Declined

* Diminished

90



Draft SOLOR definitional knowledge Draft

e Unsatisfactory
e Impairment
Examining the actual concepts containing these keywords in appeared that, although there seemsto be a

“flavor” of something “negative’, they do not satisfy the rule of “something absent about the patient (or
the procedure)”.

8.5.7.2. Final Keywords and Rules for “Patient not Subject of Infor-
mation”

During the initial discussion and reviews of candidate concepts for this RefSet, the following rules had
been stated:

» Concept is about samples, even if the "sample" originates from the patient, e.g.
Sample contaminated (finding)

» Concept is about objects or devices, e.g.
Dialysis catheter in situ usable (finding)

» 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, e.g.

Finding of relatives surviving (finding)
Discussionsabout thekindsof conceptsin 1 and 2 (above) resulted in excluding them. A concept pertaining
to a“sample” was agreed as still being about the patient, because the sample is sourced from the patient.
The same reasoning was applied to the pattern of concepts about objects or devices because, e.g. the
“catheter” is seen in the patient’s body.
Thisreasoning lead to leaving asingle rulefor inclusion in this RefSet: 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.

8.5.7.3. Final Keywords and Rules for “Compound Observation”

A number of keywords, which had initially been used to manually identify “Compound” concepts were
excluded after reconciliation of disagreements between the first team of reviewers.

Examples for excluded keywords during manual review (excerpt):
» Finding related to X, e.g. “Finding related to provision of home help (finding)”

» Closer examination of this concept pattern revealed that these concepts appear to be navigationa in
their intent

» Procedure X using Y, e.g. “Externa fixation using unilateral bar (procedure)”

e The*using” pattern simply specifies the way the procedure is performed, rather than constituting a
separate procedure

» Procedure X by technique Y, e.g. “Microbial identification by nucleic acid probe, with amplification
(polymerase chain reaction) (procedure)”
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» The“technique’ patterns, too, simply specifies the way the procedure is performed, rather than con-
stituting a separate procedure

8.5.8. Sensitivity and Specificity

Using the defined set of keywordsthe sensitivity and specificity of theinitial automated queries wastested
against thefinal Ref Sets. By running the queries against the original 50,000 concepts the following metrics
were applied to the results:

 Percentage of concepts from the final RefSets returned by the query (Sensitivity)

« Percentage of concepts returned by the query that were fal se positives/fal se negatives (Specificity)

8.5.8.1. Sensitivity and Specificity of Keywords for “Negation”
Sensitivity of 73% and Specificity of 95%
8.5.8.2. Sensitivity and Specificity of Keywords for “Patient not Sub-
ject of Information”
Sensitivity of 75% and Specificity of 99%
8.5.8.3. Sensitivity and Specificity of Keywords for “Compound Ob-
servation”

Sensitivity of 93% and Specificity of 94%

8.5.9. Conclusion

For al three categories of RefSets, the set of keywords for automated queries returned results with a high
rate of Specificity. The Sensitivity for the “Compound Observation” RefSet was also high. However, the
Sensitivity of the queries for “Negation” and “Patient not Subject of Information” was lower. Identifying
additional keywords may be useful to elevate the Sensitivity in those categories.

The reproducibility of the rules stated and applied during the two manual review cycles was perceived
positive.

Overdl, this approach to identify SNOMED CT concepts that require special handling shows that auto-

mated queries can be very useful asafirst “screening” step, but manual review and reconciliation still has
to be performed to arrive at evaluated RefSets that adhere to reliable inclusion/exclusion criteria.

8.6. Concrete Domains
8.6.1. Introduction

Concrete domains can be used in SNOMED CT to represent and reason over values like integersin De-
scription Logic. Our initial work focused on medications and evaluating the use of concrete domains to
represent not only the product strength, but also the unit of use size. To fully test the feasibility of concrete
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8.6.2.

8.6.3.

domains, additional attributes were also added, in order to fully represent all information regarding med-
ications, 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 left 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 will begin to be modelled over the next few releases. However, this new Drug Concept Model
does not utilize concrete domains but instead creates the strength numbers as concepts themselves to be
used as values for the product strength attributes.

Approach

By using a lexical search for string containing integers and textual representation of integers, 10,114 po-
tential Pharmaceutical / Biologic Product conceptswereidentified, which were model ed with the proposed
attributes including one attribute to represent product strength. To properly represent the numeric infor-
mation contained in these products, the Australian Medicines Terminology Approach that applied to its
Australian extension content and not to the International SNOMED CT content was utilized.

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 we identified
were corrected before using these values to populate 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.

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 attributeis 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 1000000000
* Units—Unit of Measure is always 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)
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8.6.4.

 Unit of Use Size — Represents the size of the unit of use
» Range: Float 0 to 1000000000
» Unit of Use Quantity — Represents the pack quantity

* Range: Float 0 to 1000000000
Findings

Under thenew SNOMED CT International Drug Concept Model, existing conceptswill be updated to meet
the new modelling guidelines and terming updated to conform to the terming guidelines in the editorial
guide. One of the most frequent issues we found while modelling 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 we saw around FSN’ s were due to the salt
or dose form not present or not fully defined in the FSN, but modelled 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 modelling guidelines these FSN’s should be corrected and fix the issues we
found with FSN’s.

* Example:
(FSN does not explicitly state that it is an Oral suspension):
370762006 |Azithromycin 1g/packet oral (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 our 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 |Oral 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(qualifier 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 our concrete domain work as these concepts do not include prod-
uct strength as a part of their FSN. However, correcting issues with these concepts will have downstream
effects on the modelling of the concepts we made modified.
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The section that was most rel evant to the concrete domain work was the Virtual Clinical Drug model. The
main differences between our 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 we chose to normalize the strength.

After the testing of concrete domains using the pharmacy model we reviewed concepts in findings, pro-
cedures and observables to determine the feasibility of applying concrete domains to concepts in those
hierarchies as well. We identified 3668 concepts that may potentialy benefit from the use of concrete
domainsin these hierarchies.

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 a pha-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|

M easur ements/Per centiles

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.

* Examples:

314643009 |Child head circumference < 0.4th centile]

385303005 [pT3: Tumor more than 5 cm in greatest dimension (anal cand))|
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.

o Examples:

34259007 |[Measurement of glucose 5 hours after glucose challenge for glucose tolerance test|
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416755008 |Cervical smear every 12 monthsfor life
e 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 be retired in order for all concepts to be aggregated appropriately.

o Examples:
170425007 |Typhoid and Paratyphoid first dose|
231499006 |[Endogenous depression first episode|

8.7. Disjoint Content

8.7.1.

8.7.2.

8.7.3.

Introduction

Classes are digjoint if they cannot have common instances. In an ontology, all classes are assumed to have
potential overlapping instances unless they are explicitly stated to not have them. The current modeling
of SNOMED CT does not contain any such statements, therefore 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 containing concepts that have parents from both
hierarchies even though this should never be the case. With the exception of the physical object and prod-
ucts that currently overlap, the top level primitive hierarchies like clinical findings and body structures
should be digjoint.

Problem

Explicitly stating disioint content would assist not only in detecting potential modeling errors, but also
potentially 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 morphologic 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 digoint 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.

Solution

All top level primitive concepts should be stated as digoint 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, we focused on
identifying all concepts that are currently disjoint from each other beginning at the top of the hierarchy
and traversing downward. This method will identify potential digoint statements, which were reviewed
by cliniciansto confirm that they are correct.
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Query Strategy To Identify Potential Disjoint
Content

= A js potential disjointaf C

Level 1 +  Bis potential disjoint of C

Level 2 *  Als potentlaldisjointef G

Level 3 + Jis potential disjoint of K

8.7.4. Results

We utilized the US Extension to SNOMED CT to perform our initial assessment for disjoint statements.
While calculating the disjoint statements for the upper level hierarchies we noticed that 243796009 |Sit-
uation with explicit context (situation)| and 123037004 [Body structure (body structure)| were not being
calculated as potentially digoint. The single concept that was causing them not to be stated as digoint
was 119741000119108 |History of amputation of right lower limb (situation)| due to the fact that it was
modeled in the US Extension as having parentsin both hierarchies. Thisissue was reported to the National
Library of Medicine and has been corrected in the March 2017 US Extension.

We added 169 disjoint statements to the upper level primitive hierarchies to test the feasibility of running
areasoner over them successfully and within a reasonable amount of time using digoint statements using
the minimum number of statements needed.

We utilized the tIs2_StatedRelationshipsToOWIKRSS Script INT.pl from the SNOMED International
GitHub registry to create an OWL file from the March 2017 US Edition release. Utilizing this file within
the Protégé 5.2.0 editor and the included HermiT reasoner, we reasoned over the OWL file without dis-
joint statements in 3,015,366 milliseconds. We then added the 169 disjoint statements to the upper level
primitive concepts and were able to reason over this version in 2,494,176 milliseconds.

We then performed the same test 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.

We tested an additional 133 concepts for potential digointness within the substance, body structure, and
situation with explicit context hierarchies as these hierarchies are most likely to benefit from the addition
of digoint statements. We were able to add 13 substance statements, 1193 body structure statements, and
12 situation with explicit context statements. These digoint statements only cover the immediate children
for the all the hierarchies listed above except for body structures, where we went down three levels to
identify potential disjoint content.

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-
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8.7.5.

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.

Conclusion

Without statements to detect digoint content, there is a potential for modeling errors, such as modeling
incorrect parents for SNOMED CT concepts. This will affects both equivalence detection and content
retrieval viathe SNOMED CT hierarchies. Adding disjoint content statements to the SNOMED CT def-
initions will assist both SNOMED CT International and extension content creators by providing built in
QA to prevent errorsin 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 complete.

8.8. Meronomy / Partonomy

8.8.1.

8.8.2.

Introduction

Partonomy/Meronomy isatype of hierarchy that deal swith part-wholerelationships. Part-of Relationships
are:

» Transitive —apart of apart is also a part 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—apart isapart of itself
» Antisymmetric — nothing is a part of its parts
e The Entire Heart is not a part of the Atrioventricular junction

For thistask we will be evaluating the representation of Part-of relationshipsin the Body Structure, Phar-
maceutical/Biologic Product, and Laboratory Procedure (LOINC) hierarchies, and developing and testing
aproposed model where appropriate.

Tooling

To evaluate the proposed model for thethree hierarchies, wewill continueto usethetermMed’ stermSpace
authoring tool. termSpace currently supports Object Properties with reflexive and transitive properties.
For the Pharmaceutical/Biological Product hierarchy, we will use Nested Expressions to represent the
powders used for injection solutions, asthey do not currently exist as pre-coordinated concepts. termSpace
can represent LOINC conceptsto support the partonomy modeling of laboratory concepts; however, these
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concepts will need to be transformed into a SNOMED RF2 format in order to load them into termSpace.
Due to the complexities of adding LOINC to termSpace we were not able to test the LOINC model at
this time. We will continue to work with termMed to represent LOINC in termSpace to potentially test
the model in futureiterations.

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 Foundational Model of Anatomy (FMA) to col-
laborate 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
» Systemic part of

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

FMA alsoincludes arole hierarchy for Part-of relationships as seen below:
= part
constitutional part
member
3- regional part
branch
tributary

= part of
- constitutional part of
member of
3 regional part of
- branch of
tributary of

8.8.3.1. Proposed Body Structure Model

8.8.4.

With the forthcoming update to the SNOMED CT Anatomy concept model, we do not recommend explor-
ing this area for concept model work, but instead focus on the Pharmaceutical/Substance and Laboratory
hierarchies, where no current implementation of partonomy is planned.

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-
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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.

8.8.4.1. Proposed Pharmaceutical / Substance Model

8.8.5.

We propose to add a new 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 concepts will need to have anew hierarchy to live under as they are not really subtypes
of the product that make up the packages but are packages that contain them. We suggest creating a new
hierarchy named “Package”’ containing multiple products (product) and as needed create sub-hierarchies
to ease navigation.

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 requirethe use of nested expressionsto represent the missing content.
For our pilot work we represented these concepts using nested expressions, however if the model wereim-
plemented in the International Release of SNOMED CT it may require creating pre-coordinated concepts.

» Disodium etidronate 400mg tablet and calcium carbonate 1.25g effervescent tablet pack (product) —
Disodium etidronate 400mg tablet and calcium carbonate 1.259 effervescent tablet exist and will be
used to fully define this concept. We need to determine the purpose of the parent concept, 346404007
|Disodium etidronate+cal cium carbonate (product)|.

* Lutropin afa 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 tablet and chloroquine phosphate 250mg tabl et pack (prod-
uct)| - Proguanil hydrochloride 100mg tablet and chloroquine phosphate 250mg tablet 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
we could easily fully define this concepts with three separate “ Has packaging” components.

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.

24331-1 Lipid 1996 panel - Serum or Plasma

PANEL HIERARCHY (view this panel in the LForms viewer)

LOINC# LOINC Name RQ/C
24331-1 Lipid 1996 panel - Serum or Plasma

Cholesterol [Mass/volume] in Serum or Plasma R
Triglycenide [Mass/volume] in Serum or Plasma R
Cholesterol in HDL [Mass/volume] in Serum or Plasma R
Cholesterol in LDL [Mass/volume] in Serum or Plasma by calculation 0
Cholesterol in VLDL [Mass/volume] in Serum or Plasma by ealculation 0
Cholesterol in LDL/Cholesterol in HDL [Mass Ratio] in Serum or Plasma 0
¥830-1 Cholesterol.total/Cholesterol in HDL [Mass Ratio] in Serum or Plasma 8]
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8.8.5.1. Proposed Laboratory Model

We propose to 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.

@
. . -~
24320-4 Basic metabolic 1998 panel - Serum or Plasma
PANEL HIERARCHY (view this panel in the LForms viewer)
LOINC Name R/0/C CardinalityEx. UCUM Uni
Basic metabolic 1998 panel - Serum or Plasma
Glucose [Mass/volume] in Serum or Plasma R mg/dL
Urea nitrogen [Mass/volume] in Serum or Plasma R mg/dL
Creatinine [Mass/volume] in Serum or Plasma R mg/dL
Urea nitragen/Creatinine [Mass Ratio] in Serum or Plasma o} mg/me{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 mmaol/L
Chloride [Moles/volume] in Serum or Plasma R mmol/T.
Carbon dioxide, total [Moles/volume] in Serum or Plasma R mmol/T
Anion gap in Serum or Plasma o 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: Reg Jones
BASIC ATTRIBUTES
Class/Type: PANEL.CHEM/Lab
Panel Type: Panel
First Released in Version: L0o
Last Updated in Version: 242
Order vs. Obs.: Order <
e e [ Separatec Pyl Print | Closa i
IYMS “U1 1 LU OTdILT ] LIS LEAL VI LIS WS, | ) | & [T

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.
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9. Requirements to Represent Absence
In Interoperability Standards

Note to readers: This document is not intended to constrain or complicate efforts to
design useful specifications, but rather to provide a forum for consensus about what
works, and, ideally, reduce the need to recapitulate the problem in future discussions.
If there are important facets missing, we would like to include them. We call special
attention to the mapsin "Appendices, Maps'.

9.1. Introduction to "Representation of Ab-
sence”

Standards provide value by establishing consistent conventions for communication. When different com-
munities of stakeholders establish these conventions for the same or for overlapping domains, the diver-
gence in standards compromises their value. This divergence presents a fundamental challenge to any ef-
fort to broaden interoperability standards beyond the communities that define them. The problem affects
even the most easily harmonized elements: two standards families may define specifications that are both
structurally and semantically identical for, e.g., alergy criticality, but use different data types, names, and
terminology systems to express these specifications.

Different elements may differ in how deeply they suffer from thisissue. Allergy criticality specifications
differ, but their structural similarity suggests asimple path for harmonization, so ssmplethat ad hoc opera-
tional transformation may seem like an easier way to handle the difference rather than trying to coordinate
consensus around harmonizing the standards themselves.

Negation is different: it has been represented in forms so diverse that it is not always obvious how to
transform or harmonize them, or even when such transformation might be necessary. Negation is often
modeled as a property of a business class, but logically and semantically, it's not really a predicate so
much as a quantification: it doesn’t refine our understanding of a concept; rather, it tells us how many of
them there are. As aresult, its presentation as a property causes avariety of problems:

1. Negative answersto questions can be modeled as binary forms; records of absence of notionally present
business objects require different forms, and these forms tend to be inconsistent.

2. The scope of what parts of the model are negated must be carefully specified; e.g., to assert that arash
was absent at a point in time does not negate other properties of the record, e.g., the identity of the
person making the assertion.

3. Negation can be implied by positive assertions, and the scope of what parts of reality are negated can
depend on fluid colloguia assumptions of open and closed world boundaries. E.g., “left hemiplegia’
seems to imply an absence of “right hemiplegia” but not of “headache.”

4. Theindeterminacy of the boundaries of implication mean that negationislogically intractable. Attempts
to use computable logical tools such as description logic fail when faced with content that contains
logical negation.

This document was conceived of to encourage consensus on how to support common understanding of
this peculiarly difficult data element.
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9.2. Objective

In order to properly represent absence consistently in standards specification and provide guidance on
dealing with the variety of specifications that already exist, this document will:

1. Identify best practices for incorporating negative semantics into standards design, and

2. Specify explicit transformations between the most prevalent standards (CDA and FHIR).

9.3. Methods
9.3.1. Scope

The problem is abstract, and it requires some care to define.

First, “negation” as aterm of logic has a long history of difficult implicationst. It is defined as the logi-
cal operation of asserting the falsehood of a proposition, or as a proposition that is the negative of some
other proposition. Efforts to apply description logics (DL) to clinical decision support have successfully
demonstrated the ability to infer general facts from specific ones, e.g., a cerebral hemorrhage from a sub-
dural hemorrhage: positive statements can be “ classified”” with DL, making the application of rules that
apply to large numbers of concepts simpler. But introducing negation causes logical propositions to be-
come computably intractable. |n addition, identifying where negation occursis not aways simple, because
one positive assertion may entail another negative one; e.g., asserting that a patient has a blood type of
A implies that the patient does not have a blood type of B. For these reasons, most efforts to implement
description logics begin by excluding negative semantics from scope.

Efforts to use logically negative semantics ininformation modeling, too, have encountered difficulties of
unanticipated depth. A prominent exampleisthe HL7 Version 3 Reference Information Model (RIM). The
RIM goesto somelength to define precise semanticsfor anegation indicator and its effect on each attribute
of the classes in which it is used, but when it was implemented in CDA by knowledgeable architects, it
was found that the intuitively obvious meaning assigned in CDA was contrary to itsdefinition inthe RIM.

We avoid the issues caused by the abstractness of the concept of negation, and of its implications for
computability, by focusing instead on more concrete requirements. In none of the cases we examine do
patients or providers use the terms “negation,” “true,” or “false.” We use the term “negation” only as a
convenient label for the problems we discuss in this document. No actual information artifact or specifi-
cation should use the term, for to do so is to introduce an intractable problem into the design. Where the
concept seems applicable, it can always be specified more concretely and in better alignment with domain
business practices: e.g., asastatus of “refuted” or “resolved” for a condition, as a status of “not done” for
aprocedure,” or as aclearly defined test result value.

Second, the boundary between negation and ignorance is complex and murky. Where possible, we differ-
entiate the two. An assertion that no information is available is simply an assertion of ignorance; it does
not tell us anything about the presence or absence of a phenomenon. We do not find many caseswhere the
issues overlap: avalue of “not applicable” for “last menstrual cycle’ or of “no information” for “family
history” complicates the data type for the response, but it does not mix the semantics of the answer and
the metadata.

The case of “no known alergies’ does complicate things. Logically, the semantics of this phrase are
complex, describing a clinical history in which no allergies have been detected, but with respect to the
actual presence of alergies it can be considered to be null. However, we may observe that thisis true

A full bibl iography would beaprojectinitself, but for asurvey, see Laurence Horn, A Natural History of Negation (Chicago: University of Chicago
Press, 1989); for a cogent summary for informatics, see Alan Rector, “What’sin acode?’ Kuhn KA, Warren JR, Leong T-Y,, (eds) Medinfo 2007.
10S Press; 2007. pp 730-734.
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for any negative assessment. A statement that the patient has “no bleeding disorders,” recorded before
administration of a blood thinner, in practice means “no known bleeding disorders.” Functionally, the
bleeding disorder statement and the allergy statement are equivalent: both intend a prima facie assertion
of absence, and both are subject to uncertainty. Clinicians may want to know whether such a denial has
been recorded, but they will also aways ask again before undertaking a procedure. The epistemological
uncertainty of the record means that logical inference is always defeasible — always subject to revision in
the light of new evidence — and this state means that automated decision support can never control care
decisions, but only inform decision makers.

Similarly, the question of certainty overlaps explicitly with assertions of absence. It seems, in a logical
framework, that a 90% level of confidence in an assertion is equivalent with a 10% level of confidence
in the assertion’ s negation, and that any level under 100% would therefore imply a simultaneous negative
assertion. But this is not the case. The assertions in question are not value-neutral; they are records of
clinical concern. A 10% likelihood of cancer is an indubitable concern, and any negative semantics that
might be implied may affect the urgency, but not the tenor, of the concern.

Data quality is closely related to certainty, and it follows the same pattern. Irrespective of the confidence
we place in the source, if aconcern is asserted, concern is present.

Approach

Our approach istwofold.

For the objective of identifying best practices for standards specifications, we collect and catalog cases
where negative semantics are used in health records. We consider three facets for these cases: the content
(what cases are recorded for something being absent, not done, or otherwise “negated”), the use (when and
how are these cases employed), and the form (the patterns that specifications have adopted for represent-
ing this information). For these cases, we identify characteristic problems and attempt to articulate best
practices for designing standards that avoid the problems.

We collected examples from the following sources:

* Veterans Administration use cases

 Patient Care workgroup meetings, listserv threads, and project conference calls
 Clinical Quality workgroup meetings, listserv threads, and project conference calls
* NegEx Lexicon

* Individual participant contributions

» Physician Quality Reporting System (PQRS) measures

e Veterans Administration Informatics Architecture project team

» HL7 CDA Example task force examples

* FHIR examples

For the objective of providing guidance to implementers of existing standards, we collect the currently
published examples of negation and propose transformation mappings.

9.4. Results

Relevant information came in many forms. In the examples, we identify kinds of content (prohibitions,
absent pathologies, etc.) and kinds of use (orders, decision support, condition life cycle, etc.). We aso
identify different information structures.
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Thefull list of examplesisin"Appendices, Use Cases".

9.4.1. Content cases

We found six general classes of content.
A. Normal phenomenon absent
a. Blindness, amenorrhea, asplenia
b. No next of kin
B. Pathological phenomenon absent
a. Patient has not had chicken pox
b. No evidence of cancer
¢. Resolved problems; e.g., Healed fracture
C. Risk factor absent
a. My uncle does not have hemophilia
b. No allergy to latex
D. Procedure not done
a. Test not performed because patient in incubator
b. Patient did not keep appointment
E. Procedure contraindicated
a. Do not turn patient
b. Consent not given
F. Patient engagement

a. Patient does not have goal

9.4.2. Use cases

We find ten general cases of use, with associated content patterns.

Note that content pattern A, normal phenomenon absent, does not appear in the list of usage cases. We
find these cases consistently identified as positive assertions of concern rather than as absent phenomena;
e.g., “blind,” not “vision absent.”

It's not clear whether patient disengagement (content case F) should be considered a contraindication.

1. Change in circumstances. A phenomenon is asserted to have some probability of presence which is
later retracted because a condition was resolved.

a. Content cases. B (Pathological phenomenon absent)

b. Examples
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i. The patient had [communicable disease] but it has been cured.
ii. No evidence of cancer

2. Change in knowledge. A phenomenon is asserted to have some probability of presence which is later
retracted because a condition was misdiagnosed and later refuted, entered in error, or because it was a
possible or differential diagnosisthat was later refuted.

a. Content cases. B (Pathological phenomenon absent)
b. Examples
i. The patient was suspected of having Lyme disease but it has been refuted.

3. Diagnostic protocol. A clinician asks about phenomena associated with a suspected condition in order
to refine clinical understanding.

a. Content cases: B (Pathological phenomenon absent), C (Risk factor absent)
b. Examples
i. A clinician asks a patient with scleritis whether the patient has any autoimmune diseases.
ii. A test for presence of streptococcusis returned negative.
iii. PTSD screening negative.
4. Order criterion. Direction is given while or until a phenomenon is absent.
a. Content cases. B (Pathological phenomenon absent)
b. Examples
i. Nothing to eat or drink until respiratory distress dissipates.
5. Quality criterion. A measure defines a population in whom a phenomenon is absent
a. Content cases: B (Pathological phenomenon absent)
b. Examples
i. “Percentage of patients. . . who do not experience a major complication . . .”
6. Clinical Decision criterion. A rule makes operation dependent on the absence of a phenomenon.
a. Content cases. B (Pathological phenomenon absent)
b. Examples
i. Recommend aspirin to ED patients presenting with chest pain with no bleeding disorders.
7. Specific safety protocol. A clinician asks about contraindications before conducting a procedure.
a. Content cases: C (Risk factor absent)
b. Examples

i. Theclinician asks about allergies before administering an antibiotic.
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ii. Theclinician asks about adverse effects of a medication.
iii. Patient is not NPO.
8. General safety protocol. A clinician asks about general risk factors.
a. Content cases: C (Risk factor absent)
b. Examples
i. A patient reports no tobacco use.
ii. Not pregnant.
9. Quality criterion. A measure identifies procedures not done.
a. Content cases: D (Procedure not done)
b. Examples
i. “Percentage of children . .. not dispensed an antibiotic prescription”
10.Prohibition
a. Content cases: E (Procedure contraindicated)
b. Examples

i. “do not flush central line”

Specification Patterns

We find 4 modeling patterns, with examples spanning specification families.

Table 9.1. Modeling Pattern

Category Example

Absent Class CIMI Clinical Statement with
Absence Context

Coded property focal FHIR Allergy code, including "no
known allergies’

modifier FHIR Condition status, including

"refuted"

Boolean presence indicator RIM Observation value negation
indicator
FHIR Procedure not done
indicator

Quantification Observation result value of O

ANF valueof 0..0

The broadest pattern is the use of distinct classes for distinct kinds of assertion. CIMI provides a“ present
assertion” classfor identifying problemsand other instancesand an “ absence assertion” for communicating
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the absence of such problems. This seems appealing in that the details of aproblem’ s attributes are specific
to the presence assertions, and these detailsmay beirrelevant to an assertion of absence. Oneissuewiththis
assumption is that a negation may be intended to apply to a more specific case; e.g., it may be necessary
to assert that a patient has no stage 4 pressure ulcers, though lower-stage ulcers may be present. Other
properties generally considered proper to presence assertions may, in some cases, be needed for absence
assertions. Actual cases have not been identified for this requirement, so it may not be needed.

A more common pattern is the use of coded properties to assert absence. Allergy records may be the
most common domain where the documentation of absenceis necessary, and the FHIR Allergylntolerance
resource usesthispattern. The“ code” property (formerly “substance”) supportsvaluesidentifying avariety
of substances, but it also supports “no known allergies,” aswell as asmall set of more specific absences.
Once concern with this approach is that the meanings of the values imply different semantics for their
association with the model: “latex” is the subject of “what substance causes the problem”; “no allergy to
latex” re-wires the predicate to “full statement of presence or absence of sensitivity to substance.” For
close-to-user forms, this divergence does not present problems. For secondary uses, it may be acceptable:
if the use isto check a proposed substance administration against allergies, and the routine finds no match
between the proposed dose of penicillin and the record object “no known allergies,” the semantic mismatch
doesn’t cause a problem. But there is a mismatch, and it could cause unanticipated problems.

A special case of the coded property pattern is where a property that usually only qualifies the class
includes a value that modifies it. The Condition resource has a status property that includes “resolved”
and “refuted” values, each of which denotes the absence of the subject condition.

The Boolean presenceindicator pattern hews closest to the logical semantics of negation, and it brings
most of the resulting issuesinto theinformation modeling world. The range of aBoolean property is“true”
and “false.” These values presume the existence of a proposition with atruth value. Software classes don’t
typically meet this requirement: even when they-are presumed to be assertions of the existence of the
business obj ectsthey represent, the propertiesof the class are properties of the represented object, not of the
assertion. The HL7 RIM addresses this difficulty by distinguishing between properties that represent the
clinical phenomenon and those that annotate the representation: “descriptive” properties, which describe
the referent phenomenon (and whose semantics may change according to negation and mood), and “inert”
properties, which describethe assertionitself (and whose semantics don’t change with mood and negation).
Thisdistinction is, as we have observed, subtle enough to confuse the very experienced.

An additional wrinkle for these properties is that they tend to be envisioned as special cases, so they are
named for the edge cases they support. As aresult, the semantics of the value is inversely related to the
semantics of the modified class. A negation indicator of “true” means that the notional observation is not
present; “false” meansthat it is present.

A fina pattern leverages the fact that negation is a quantification by recording presence and absence as
guantities. The Analysis Normal Form assertion contains a quantity property that can be used both for
guantitative measurements and for quantities of presence. In order to do so, it definesan interval datatype
that supports open and closed boundaries. A value of absent has closed upper and lower boundsof zero (i.e.,
“[0..0]"); avalue of present has an open lower bound of zero (i.e., “(0..#)"). An alergy specification would
record not only a substance (or class of substances) but its presence or absence as an interval quantity.
Negative semanticsdon’ t complicate the computation, and the meaning of the substance codefield remains
stable. (A minor semantic wrinkle is that ., isn't a number, so that value will have to be handled prior
to calculation.)

The goal of thisdesign isto represent clinical facts as consistently as possible to support automated infer-
ence. The ability to use such arecord as areliableindicator of absence still relies on the effective applica-
tion of quantification to open-world semantics; the assertion that an allergy assertion has a count of zero
does not necessarily rule out the possibility that some other allergy assertion might not. And any assertion
of absenceis, as noted above, defeasible.
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9.5. Discussion

9.5.1.

9.5.2.

Content

Most cases fit in well-defined categories. Category boundaries depend on judgment, and it’'s possible to
define categories at higher or lower levels of granularity. Our goal isto differentiate categories only when
they require different processing logic. Absence of sight and amenorrhea are both typically represented as
positive assertions of concerns, so we classify them together and expect both to surface in clinical records
as concerns, absence of a bleeding disorder is arecord of a safety check, and we do not expect to see it
as aconcern.

Most cases were classified as absences of pathologies. Thismay be partly an artifact of the data collection
process, but it istrue that absenceistypically relevant to care provision as the result of checking for some
kind of notional concern, whether actually suspected or as a safety protocol.

A significant number of items might be expected to be inferred from broad normal findings, using the
“chart by exception” pattern. A radiology image, for instance, may be annotated by the radiologist as
showing “no mediastina widening,” but for a given modality and angle, absence of certain pathologies
may be inferred. A normal chest x-ray implies “no mediastinal widening” whether it is annotated or not.
The confidence with which such conclusions may be asserted may vary with the uniformity of the protocaol,
but whether the absence is stated or inferred, its representation is that of absent pathology.

Assertions that procedures were not done were exclusively the province of quality measures. There were
also cases of patients not showing up for appointments—the procedure did not occur, and the reason is
provided, just asfor a quality measure. Clinical usesfor procedure al involve prohibition and contraindi-
cation.

The most difficult cases were those that most closely aligned with actual negation semantics, being where
a patient denies holding a goal or denies consent for atreatment. The latter case is a contraindication; the
former context to help providers understand compliance issues.

We did not find cases that exercise the limits of negative semantics, such as double negatives or inference
of negation given some logically contradictory situation. The few line items in the sample that venture
near thisterritory were judged “not relevant” due to being contrived, not based on actua requirements.

Uses

Theten categoriesof usealign broadly as: updatesto durable concern records, negative answersto protocol
questions, use of these facts as criteria, and prohibitions.

When providers record changes in circumstances or knowledge (a resolved or refuted condition), the
knowledge typically involves a durable concern. These phenomena may be recorded as problems, and
they may have a significant body of supporting evidence, goals, related procedures, and other information
associated with them.

Negative answers to protocol questions, on the other hand, are typically transient forms of little utility
beyond the immediate clinical context. Safety protocol negatives (“not pregnant”) demonstrate this most
clearly. Whether it holds for “chart by exception” inferences on diagnostic procedures, such as “no me-
diastinal widening” based on a normal chest x-ray, may depend on the degree of interest on concern re-
garding the phenomenon.

Facts that serve as criteria may fall into either category. Criteria for future acts tend to be recorded as
needed; e.g., direction to take amedication until asymptom abates can be supported by periodic assessment
of the symptom. Criteria for measures tend to be existing records, and absence is usually inferred from
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alack of documentation. As we observed earlier, criteriafor clinical use, including decision support, are
confirmed at the point of care, and prior records cannot be relied on.

A more critical category of negation is prohibition. Assertions that procedures are not to be done must be
persisted for human review and for order checks, so akey dimension is the timeframe over which the pro-
hibitionisin effect. Whether classification is necessary may depend on the complexity of the prohibition.
An order to avoid turning apatient isunlikely to cause logical confusion; an order to avoid specific classes
of medication is a bit more complex but can be supported with affirmative classification logic.

Patterns

It's critical to be able to distinguish records of presence from records of absencein apredictableway. Itis
less clear what design patterns are best suited to this need. The pattern of using distinct classesfor present
and absent phenomena makes the distinction clear. It also makesit difficult to aggregate statements about
presence, absence, and degrees of uncertainty or state change. The convention doesn’t provide obvious
direction on how to handle phenomenathat were present at one time and have ceased to be present. There
may be uses for which this pattern iswell suited, but we haven't identified them.

The coded element pattern is more common, partly because it is a convenient extension of the presence
pattern. The primary difficulty is that there are two distinct patterns of extension—by status and by pro-
tocol: both patterns are common. Extension by status includes state changes that denote absence, whether
clinical progression (i.e., resolution) or epistemological progression (i.e., refutation or “entered-in-error”).
Extension by protocol encompasses cases where a question is asked by protocol and refuted, and the refu-
tation is captured in the same property as the classification of the affirmation—viz., “no known alergies’
inthe alergy field.

The negation indicator seems to be an inappropriately aggressive abstraction of domain information.
Boolean properties in general are more abstract than the concrete requirements of the domain; this
might be acceptable where such generalization provides a way to aggregate diverse colloquialisms, but
where no such value is identified, it only obfuscates the clinical semantics. The result is an inaccurate
promise of logical tractability at the cost of human comprehensibility. The problem can be ameliorat-
ed by giving a Boolean property a more specific name, e.g., “not done indicator,” but such a proper-
ty usually overlaps semantically with status values (refuted, cancelled). This may not be the case with
ProcedureRequest.doNotPerform, but a coded property would still provide flexibility for use cases not yet
recognized.

The quantified presence pattern may be a workable answer for secondary uses. It seems too far from
an intuitive representation of clinical processes to be generally useful for close-to-user forms. But, unlike
the Boolean pattern, it does provide a consistent, unambiguous, and logically tractable way to represent
the presence of concerns consistently, whether captured as unary “symptoms’ or “concerns’ or as binary
guestions with answers.

9.6. Conclusions

Recorded assertions of absence are defeasible; they can never be used for clinical decisions. They might
be used to support decision-support recommendations, subject to effective and safe usability engineering.
It may not be advisable to spend much effort trying to make such computations accurate, as no matter how
sophisticated the analysis of prior assertions, the underlying data will always be stale.

Patternsfor capture of such statements may use any of theidentified modeling patterns, with some caveats.

The distinct class pattern offers limited benefits for significant overhead. In quality measure systems,
distinct classes may be useful, but the negative flavors are often inferred from empty queries, so it’'s not
clear that a corresponding structure on the clinical capture side make sense.
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Thenegation indicator pattern offersthe promise of logical inference, but the promiseisfalse. Negationis
logically intractable, and the abstraction of the Boolean structure obfuscates the actual domain information
of interest. At least one case was identified where a concrete question seems defensibly supported by
a Boolean value, but it could be equally well supported by terminology without preventing support of
unforeseen use cases.

The coded element solution works, though it also presents challenges, including model impedance. As
long asthe challenges are recognized and handled appropriately, they may be the least problematic cost of
the domain. Specifications need to address absence and other negative semantics and provide explicit and
concrete guidance to implementers on how to manage impedance and other sources of model ambiguity.

The quantified presence solution offers unparalleled consistency in recording facts. Its counter-intuitive
representation makesit difficult to promotein domain information models, but it may provide an excellent
pattern for analytical transformations.

For standards design, we propose four best practices:

1. Model negative semantics concretely, in ways that are fit for purpose (e.g., “refuted,” “contraindicat-
ed”). Avoid generalizing to more abstract forms without specific near-term use cases for doing so.

2. Support consistency within models by providing implementers with one way to say things.

3. Support consistency across clinical models by using similar patterns and providing concret guidance
on managing impedance issues.

4. Provide explicit instructions for how negated statements in your specification should be transformed
from and to other widely adopted specifications.

With respect to the tactical issue of transformation, we provide transformations from C-CDA to FHIR
in "Appendices, Maps'. Note that the alignment issues here are global: the CDA dlergy, for instance, is
explicitly represented within a concern act, which is not present in FHIR. This context issue means that
the mappings provided will either be asserted to be incorrect or they will document agreed but implicit
semantics in one or both formalisms.

9.7. Appendices

9.7.1. Glossary

Table 9.2. Glossary

Term Definition
Defeasible Capabl e of being annulled or made void (Webster)
Finding A fact asserted about a patient

Stedman's: "A clinically significant observation,
usualy used in relation to one found on physica
examination or |aboratory test."

Modifier A concept that changes the meaning of another
concept. E.g, to say that a patient has a "family
history of" diabetes does not state that the patient
has diabetes. Compare Qualifier.

SKMT: string which, when added to aterm, changes
the meaning of the term in the clinical sense (1SO)
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Term Definition

Negation the logical operation of asserting the falsehood of a
proposition, or a proposition that is the negative of
some other proposition.

SKMT: indicator specifying that the Act statement
is a negation of the Act as described by the
descriptive (HL7)

Observable A property that may be assessed and characterized
in terms of aresult value; a question.

SKMT: Hierarchy in SNOMED CT which
represents a question about something which may
be observed or measured. (SCT)

Post-coordinated The quality of being composed of separate concept
identifiers. Post-coordination can be achieved either
in expression syntaxes defined by code systems for
the creation of valid post-coordinated conceptsor in
model elements with model bindings that articulate
how the respective element values are related.

SKMT: Representation of a clinical meaning using
a combination of two or more concept identifiers
(SCT; Candidate)

Pre-coordinated The quality of being composed of a single concept
identifier, as defined in a code system.

SKMT: compositional concept representation
(2.4.1) within a formal system (2.5.1), with an
equivalent single unique identifier (1SO)

Qualifier A concept that refines another concept within its
semantic scope. E.g, a "left" arm is still an arm.
Compare Modifier.

SKMT: string which, when added to a term,
changes the meaning of the term in a temporal or
administrative sense (1SO)

9.7.2. Sources

Cheatham, Edward. SNOMED CT Post-Coordination rules, Draft guidance document. NHS NPFI T, doc-
ument NPFIT-FNT-TO-DPM-0311.01

 Guidance suggests storing "close-to-user” forms is a more conservative approach, and that canonical
forms can be derived for data operations.

Ceusters, Werner, Peter Elkin and Barry Smith. “Negative Findings in Electronic Health Records and
Biomedical Ontologies: A Realist Approach”, International Journal of Medical Informatics 2007; 76:
326-333. PMC2211452.

» "We introduced a new family of ‘lacks' relations into the OBO Relation Ontology. . . . By expanding
the OBO Relation Ontology, we were able to accommodate nearly all occurrences of negative findings
in the sample studied.”

113



Draft

Requirements to Represent Ab- Draft
sence in Interoperability Standards

Ceusters, Werner, Peter Elkin and Barry Smith. “Referent Tracking: The Problem of Negative Find-
ings’ (MIE 2006), Studies in Health Technology and Informatics, vol. 124, 741-6. (This issue also pub-
lished as Uhiquity: Technologiesfor Better Health in Aging Societies. Proceedings of MIE2006, edited by
Arie Hasman, Reinhold Haux, Johan van der Lei, Etienne De Clercq, Francis Roger-France, Amsterdam:
|OS Press, 2006.)

» "Referent tracking" assigns IDsto things to avoid confusion, e.g., when two peopl e assert that a patient
hasafracture and it cannot be determied whether they arethe samefracture. To the extent that particulars
have identifiers, thisisin line with Restful (or OWLish) URIs. But they are also required to be unique.
Another constraint is the identifiers are only given "real world phenomena,” so the question is how to
handle something negated. The authors propose a new "lacks" relationship for describing particulars
that don't exhibit identified universals.

HL7. HL7 Version 3 Reference Information Model

» Observation.valueNegationind 6.36.2 "This attribute should only be used when the terminology used
for Observation.value is not itself capable of expressing negated findings. (E.g. ICD9)."

» Act.actionNegationind 6.5.5 "The actionNegationlnd works as a negative existence quantifier on the
actual, intended or described Act event. In Event mood, it indicates the defined act did not occur. In
Intent mood, it indicates the defined act is not intended/desired to occur. In Criterion mood, it indicates
that the condition is based on the non-occurrence of the event. It is nonsensical to have a negationind
of true for acts with a mood of definition. The actionNegationind negates the Act as described by the
descriptive properties (including Act.code, Act.effectiveTime, Observation.value, Act.doseQty, etc.)
and any of its components.”

Horn, Laurence. A Natural History of Negation (Chicago: University of Chicago Press, 1989).
e Thorough.
Rector, Alan. What'sin a Code?

» On separation of ontology from terminology & use of "situation” construct to harmonize positive &
negative assertions

Rector, Alan. Negation & Null Values (rough notes)
» On preference for "absent” to "negation,” at least at first

Rhodes, Bryn. Negation in QDM. https://github.com/esacinc/cql-formatting-and-usage-wiki/wiki/nega-
tion-in-qgdm

» Analysisof decisions for quality language expressions.

SNOMED International. SNOMED CT Technical Implementation Guide: 7.8.2.4.7 Retrieving absent find-
ings

* Thissection discusses how negation changestherulesfor subsumption testing. The solutionisto reverse
the candidate/predicate relation for Situation with Explicit Context findings using "known absent" or a
descendant. Note that this approach assumes a pattern of Procedure with explicit context. The pattern of
an Observable with value "absent” is not addressed. This approach can probably be generalized. Note:
TiG in revision. This information can be reviewed in a prior version, but it is subject to change and is
not a current Sl publication.

Wagner, Gerd. Web Rules Need Two Kinds of Negation. http://citeseerx.ist.psu.edu/viewdoc/down-
load?d0i=10.1.1.331.2050

114



Draft

Requirements to Represent Ab-

sence in Interoperability Standards

Draft

» Seems to address case of inferred vs explcit negation, but examples cloud the issue. Suggests that be-
cause the richness of domain information does not fit neatly into Boolean categories, Boole needs more
values (as opposed to not using a Boolean operator).

9.7.3. Use Cases

Table9.3. Use Cases

ID Item Content category |Use category Source

1 m. CXR: Normal. |Pathological Diagnostic protocol | VA Use Case
No mediastinal phenomenon Anginal - EDCare
widening, valve absent 2.20.15
disease, or CHF
i.e, no CHF

2 b. Confirms Pathological General safety VA UseCase
alergies: No phenomenon protocol Anginal - EDCare
known drug alergy |absent 2.20.15

3 d. Smoking Pathological General safety VA UseCase
history: No tobacco | phenomenon protocol Anginal - EDCare
use absent 2.20.15

4 b. CV:Chest Pathological Diagnostic protocol | VA Use Case
pressure5out of | phenomenon Anginal - EDCare
10 after 3SL-NTG |absent 2.20.15
tablets, S1S2, No
murmurs or gallop
Exam: No murmur

5 e. GU: Pathological Diagnostic protocol | VA Use Case
Verbalizes no phenomenon Anginal - EDCare
problems with absent 2.20.15
voiding

6 b. Sincechest Not relevant: Null VA Use Case
pain started 45 Anginal - EDCare
minutes ago, it is 2.20.15
too early to see
any elevationin
cardiac enzymes
(Troponin, CK-
MB)

7 a. History of Pathological General safety VA UseCase
Tobacco use: No | phenomenon protocol Angina 2

absent TelemetryCare
2.20.15

8 a. Notescardiac |Pathological Diagnostic protocol | VA Use Case
rhythm: Sinus phenomenon Angina 2
rhythm without absent TelemetryCare
ectopy, HR 84 i.e,, 2.20.15
No ectopy

9 Cardiologist Pathological Diagnostic protocol | VA Use Case
evaluates the phenomenon Angina2
reading and enters | absent
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Iltem

Content category

Use category

Source

the interpreted
result in the EHR.
Result: Normal
echocardiogram.
No cardiomegaly
or effusion. Good
valve function.
Ejection Fraction:
58%i.e., No
cardiomegaly

TelemetryCare
2.20.15

10

Reviews ECG
reading and enters
the interpreted
result in the EHR.
Result: SR 76.

No ectopy. No
hypertrophy. i.e.,
No hypertrophy

Pathological
phenomenon
absent

Diagnostic protocol

VA UseCase
Angina2
TelemetryCare
2.20.15

11

a. Beginlight
exercise (walking
on alevel surface
for 5 minutes,

3 times aday).
Add 1 minute to
each session, each
day until ableto
complete 10-15
minutes in each
on without
cardiac symptoms.
cardiac symptoms
absent

Pathological
phenomenon
absent

Clinical decision
criterion

VA UseCase
Angina 2
TelemetryCare
2.20.15

12

Allergies: No
known drug allergy

Pathological
phenomenon
absent

General safety
protocol

VA Use Case CHF
- ED 20150305

13

o0 Cardiac rhythm
(ECG): Sinus
tachycardia (ST)
without ectopy i.e.,
No ectopy

Pathological
phenomenon
absent

Diagnostic protocol

VA Use Case CHF
- ED 20150305

14

1. Sinus
tachycardia (ST)
Qwavesinthe
inferior leads,
inferolateral

ST- and T-wave
changes (This

is unchanged
from the previous

not relevant:
Comparison

VA Use Case CHF
- ED 20150305
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ID Item Content category |Use category Source
admission-3
months ago).

15 i. Ifthepatient |notrelevant: VA Use Case CHF
does not produce | Threshold - ED 20150305
250ml urinein
first 30 minutes,
furosemide 40mg
IV x1 should be
administered

16 a.  Confirms Pathological General safety VA Use Case CHF
alergies: No phenomenon protocol - ED 20150305
known drug alergy |absent

17 a.  Smoking Pathological General safety VA Use Case CHF
history: No tobacco | phenomenon protocol - ED 20150305
use absent

18 1. Nothingto Contraindication |Clinical decision |VA Use Case CHF
eat or drink until criterion - ED 20150305
respiratory distress
dissipates

19 1. History of Pathological General safety VA Use Case CHF
Tobacco use: No | phenomenon protocol - IMC 20150305

absent

20 a AUDIT-C Pathol ogical Specific safety VA UseCase
- Score: 0 (No phenomenon protocol Depression -
symptoms of absent Outpatient Follow-
abuse) up 2.26.15

21 Head/Neuro: WNL |not relevant: VA Use Case
Heart: S1S2, BP  |Normal Depression -
normal Outpatient Follow-

up 2.26.15

22 Abdomen: Soft, Pathological Diagnostic protocol | VA Use Case
benign. No GI/GU | phenomenon Depression -
issues. i.e.,, No Gl/ |absent Outpatient Follow-
GU issues up 2.26.15

23 Extremities. No Pathological Diagnostic protocol | VA Use Case
swelling, pedal phenomenon Depression -
pulses strong. i.e., |absent Outpatient Follow-
No swelling up 2.26.15

24 b. Adverse Pathological Diagnostic protocol | VA Use Case
effects from the phenomenon Depression -
medication a. None | absent Outpatient Follow-
noted up 2.26.15

25 i. Provider Normal Specific safety VA UseCase
notices that the phenomenon protocol Depression -
patient did not absent Outpatient Follow-
tolerate Prazosin in up 2.26.15
the past (which was
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ID Item Content category |Use category Source
started to address
difficulty sleeping)

26 [Wellbutrin] . .. Procedure not done | Procedure VA Use Case
was discontinued assessment Depression -
duetoirregular Outpatient Follow-
heartbeats and up 2.26.15
hyperventilation

27 [Prozac] Procedure not done | Procedure VA Use Case
discontinued due to assessment Depression -
irregular heartbeats Outpatient Follow-
and restlessness up 2.26.15

28 Patient still Procedure not done | Procedure VA Use Case
refuses cessation assessment Depression -
treatment despite Outpatient Follow-
motivationa up 2.26.15
interventions

29 a.  Smoker: No |Pathological General safety VA Use Case DM

phenomenon protocol 1 Diagnosis of
absent Diabetes 2.20.15

30 a.  Substance Pathological General safety VA Use Case DM

Use: No phenomenon protocol 1 Diagnosis of
absent Diabetes 2.20.15

31 Patient completes | Pathological Specific safety VA Use Case DM
PTSD screening k. | phenomenon protocol 1 Diagnosis of
Results: Negative |absent Diabetes 2.20.15

32 Patient completes | Pathological General safety VA Use Case DM
alcohol use phenomenon protocol 1 Diagnosis of
screening |. Result: | absent Diabetes 2.20.15
2 (Negative)

33 Extremities: No Pathol ogical Diagnostic protocol |[VA Use Case
swelling, bilateral | phenomenon DM 2 Follow Up
pedal pulses +2, absent Outpatient Visit
i.e, Noswelling 2.20.15

34 Head/Neuro: WNL |not relevant: VA UseCase

Normal DM 2 Follow Up
Outpatient Visit
2.20.15
35 a.  Smoker: No |Pathological General safety VA Use Case DM
phenomenon protocol 3 - Referral for
absent Annual Podiatry
Screening 2.20.15

36 b. Alcohol Use: |Pathological General safety VA Use Case DM

No phenomenon protocol 3 - Referral for
absent Annual Podiatry
Screening 2.20.15

37 5. Wound Pathological Diagnostic protocol | VA Use Case DM
assessment: Medial | phenomenon 3 - Referral for
portion of right absent
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ID Item Content category |Usecategory Source
big toe (approx. Annual Podiatry
5 mm x 5mm) at Screening 2.20.15
top of toenail is
slightly red. No
breakdown. No
sign of infection.
i.e., No breakdown
38 Provider Pathological Diagnostic protocol | VA Use Case DM
removesingrown | phenomenon 3 - Referral for
toenail without absent Annual Podiatry
complications. Screening 2.20.15
No infection
noted. Skin
intact, with dight
inflammation. i.e.,
No infection noted
39 a. Patient notes |Patient alignment |Procedure VA Use Case DM
that work has been assessment 4 Care Coordinator
busy, and that Telephone Follow
no time has been Up 2.20.15
available to make
the appointment
40 do not know not relevant: Null HL7 PC Orlando
whether uncle has/ 1/12/16
had colon cancer
41 my uncle doesnot |Risk factor absent | Specific safety HL7 PC Orlando
have hemophilia protocol 1/12/16
42 Congenital absence |Normal HL7 PC Orlando
of coronary artery | phenomenon 1/12/16
absent
43 L eft kidney Normal HL7 PC Orlando
resected (absent) | phenomenon 1/12/16
absent
44 Left leg amputated |Normal HL7 PC Orlando
(not present) phenomenon 1/12/16
absent
45 Novisioninright |Normal HL7 PC Orlando
eye phenomenon 1/12/16
absent
46 Nno menses Normal HL7 PC Orlando
phenomenon 1/12/16
absent
47 no spleen Normal HL7 PC Orlando
phenomenon 1/12/16
absent
48 definiteExistence | not relevant: NegEx Lexicon
e.g., obvious Certainty
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49 definiteNegatedExistanteel evant: NegEx Lexicon
e.g., patient was Certainty
not

50 experiencer e.g., not relevant: Other NegEx Lexicon
sister's subject

51 futuree.g., at risk | not relevant: Risk NegEXx Lexicon
for, concern for

52 historical e.g., not relevant: Past NegEx Lexicon
changing, previous

53 indication e.g., rule | not relevant: Rule NegEx Lexicon
out out

54 probableExistence |not relevant: NegEx Lexicon
e.g., evidencefor, |Certainty
appears

55 probableNegatedExilstehcel evant: Null NegEx Lexicon
e.g., falsto revea

56 pseudoExperiencer |not relevant: Other NegEx Lexicon
e.g., by her subject
husband

57 pseudoHistorical | not relevant: Past NegEx Lexicon
e.g., history and
examination

58 pseudoNegation not relevant; NegEx Lexicon
e.g., no change Comparison

59 uncertain e.g., not relevant: NegEXx Lexicon
either Certainty

60 Radiology negative | Pathological Diagnostic protocol | RadLex (Richard
findings - get phenomenon Esmond)
examplelist for absent
chart by exception

61 Assertion of Patient alignment | Procedure CIMI CQI project
intention not to assessment
breast feed

62 Absence of not relevant: Null CIMI CQI project
assertion of intent
to breast feed

63 1 Itisthe case |not relevant: affirmative, not PC thread 2/25
(that I do know) Abstract negation
that the Patient has
problem X,

64 2. Itisnotthe |not relevant: null value PC thread 2/25/16
case (that | do Abstract

know) that the
Patient has problem
X,
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65 3. Itisthe case |not relevant: null value PC thread 2/25
that | don't know |Abstract
if the Patient has
problem X,
66 4, Itisthe case |not relevant: null value PC thread 2/25
that | don’t know if | Abstract
the Patient has any
problems (ie any).
67 5. Itisthe case |not relevant: TH/readcpr ¢ PC thread 2/25/16
(that | do know) Abstract thdrreads (ie that
that the Patient has thecC
no problems (ie
none).
68 patientAssertedStatusiot rel evant: How tointerpret | PC thread 2/29/16
- unconfirmed/ Abstract the focal concept
excluded - scope (drug, product,
of "I'm allergic to class) is orthogonal
penicillin® to negation
69 clinicianAssertedStatiBathol ogi cal PC thread 2/29/16
- confirmed/ phenomenon
refuted - "Patient | absent
iglisn't allergic to
penicillin®
70 no allergy to latex |Pathological Specific safety PC thread 3/1/16
phenomenon protocol
absent
71 closed head injury | Pathological Two observations. |Kcampbelll
without loss of phenomenon Conjunction
CONSCi 0USNess absent introduces de
i.e., nolossof Morgan's law if
CONSCi 0USNess negated.
72 mother not present | Normal Unknown
phenomenon
absent
73 not allergic to Pathological Specific safety 20160323 call
clindamycin phenomenon protocol
(from MU test absent
data - alergy
list) - provenance
isimportant to
consider
74 does not have Pathological 20160323 call
diabetes (from MU | phenomenon
test data - problem |absent
list) - provenance
isimportant to
consider i.e,, no
diabetes
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75 Preferencethat an |Patient alignment | Preference Negation call 3/23
action not be done:
[Margaret]

76 Goal wasnot met | not relevant: Status | status of tracked Negation call 3/23

god

77 won't admin flu Contraindication Negation call
vaccine dueto egg 3/30/16
alergy

78 reason for Procedure not done Negation call
discontinuing 3/30/16
medication

79 Quitting smoking is| Patient alignment Negation call
not my goal 3/30/16

80 5-year survival is | Patient alignment Negation call
not my goal 3/30/16

81 follow up not Contraindication Negation call
needed 3/30/16

82 patient did not Patient alignment | May record as Negation call
show up appointment status | 3/30/16

83 procedure not done | Procedure not done Negation call
because patient ate 3/30/16

84 did not use Procedure not done | EGAT3ion Negation call
antithrombotic callocero egateion | 3/30/16
deviceon legs callegs not
(supply) uy)oegatio

85 did not supply Procedure not done Negation call
electric wheelchair 3/30/16

86 did not provide Procedure not done Negation call
vaccine because 3/30/16
out of stock

87 did not do avariety | Procedure not done FHIM call 4/1/16
of things for reason
X

89 No bleeding Pathological Safety process; not |[NEMSIS
disorders phenomenon on problem list

absent

90 Not on Risk factor absent NEMSIS
anticoagulants or
thinners

91 Refute the absence |not relevant: No concrete
of acondition Abstract example found

92 patient not Risk factor absent Negation call 4/13
pregnant

93 “No Known Pathological MM mail 4/5

Medicine Allergies,

phenomenon
absent
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mom sts food
Allergies’

94 “no known med Pathol ogical MM mail 4/5
alergies but phenomenon
has food other absent
dlergies’

95 “Father states pt Pathological MM mail 4/5
has no known phenomenon
alergies, but absent
states close
family members
have had severe
reactionsto: PCN,
succinylcholine
chloride, anectine,
and quelizine”

96 “no known Pathological MM mail 4/5
allergies but has phenomenon
problems with absent
ingesting some
meds”

97 “NO KNOWN. Pathological Question of MM mail 4/5
CODEINE phenomenon whether codeine
CAUSES absent should be recorded
NAUSEA” with low criticality

98 “Allergic to not relevant: Null MM mail 4/5
antibiotics but
no known which
class’

99 hearing screening | Procedure not done Negation call 4/20
not done - needed
for quality measure

100 Hand lost in Normal invented 5/5/16
accident phenomenon

absent

101 [condition in not relevant; Status | Thisisaproblem |WGM 5/10/16
remission] clinical status

102 [condition refuted] |not relevant: Status | Thisisaproblem |WGM 5/10/16

verification status

103 Ted: nested not relevant: no concrete WGM 5/10/16
negation Seefhir | Abstract example found
dstu questionnaire

104 [assert that abatch |not relevant: WGM 5/10/16
of stuff isabsent] |Abstract

105 [handle context not relevant: no concrete WGM 5/10/16
conduction] Abstract example found
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106 no family; Normal These are concerns |WGM 5/10/16
no home; phenomenon
transportation; absent
POA i.e, no family
107 No next of kin Normal These are concerns | decomposition of
phenomenon other requirements
absent 6/21
108 no evidence of Pathological Note that this decomposition of
cancer (path) phenomenon assertionis other requirements
absent qualified 6/21
155 no mrsa found (lab) | Pathological decomposition of
phenomenon other reguirements
absent 6/21
109 no family; Normal These are concerns | decomposition of
no home; phenomenon other requirements
transportation; absent 6/21
POA i.e., no home
110 no family; Normal These are concerns | decomposition of
no home; phenomenon other requirements
transportation; absent 6/21
POA i.e, no
transportation
111 no family; Norma decomposition of
no home; phenomenon other reguirements
transportation; absent 6/21
POA i.e, no POA
112 No abnormality Pathological OPENEaHR openEHR exam
detected (BL) phenomenon examcHRec pattern
[openEHR-EHR- | absent openEeRHR
CLUSTER.exam.vO examTERNo
abnormR.cEH
113 Represent not relevant: CQI call 8/5
inference of Abstract
"absence" from
empty query -
specific use not yet
determined, but,
e.g., CDSlogging
114 Reason for Procedure not done | For [ Absenation CQI - The Joint
[absence or] delay Commission
in fibrinolytic Measure AMI-7a
therapy
115 Reason for Procedure not done CQI - The Joint
discontinuation Commission
of parenteral Measure VTE-3

anticoagulation

therapy
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116 Reason for delay | Procedure not done CQI - The Joint
ininitiation of IV Commission
thrombolytic Measure STK-4

117 Reason for not Procedure not done |-t Theiamvi -em CQI - The Joint
providing overlap Thehe same reason | Commission
medication (IV fomedication (IV  |Measure VTE-3
or subcutaneous oriommission
anticoagulation Measure VTE-
therapy and
warfarin on the
same day)

118 Reason for Procedure not done CQI - The Joint
not providing Commission
tobacco cessation Measure TOB-2,
medication at TOB-3
discharege

119 Reason for not Procedure not done |t Theisevi e Thec | CQI - The Joint
providing Venous device reason fonot | Commission
thromboembolism providing Venous |Measures STK-1,
therapy or thromboembolism |VTE-1, VTE-6
prophylaxis thiommission
(medication or Measures STK
antithrombotic
device use

120 Reason for not Procedure not done CQI - The Joint
providing statin Commission
medication at Measure STK-6
discharge

121 Reason for not Procedure not done CQI - The Joint
initiating antenatal Commission
steroids Measure PC-03

122 rule out not relevant: Status | ambiguous: use Negation call 8/10

"provisiona,"
"differential" or
"refuted"

123 to exclude a search | not relevant: query FHIR ligt, 8/23
result for specific
code system

124 do not turn patient | Contraindication FHIR Gforge

comment

125 do not giveblood | Contraindication FHIR Gforge
or blood products comment

126 do not flush central | Contraindication FHIR Gforge
line comment

127 do not take blood | Contraindication FHIR Gforge
pressure on left comment

am

125




Draft

Requirements to Represent Ab-
sence in Interoperability Standards

Draft

ID

Iltem

Content category

Use category

Source

128

"patient says that
they have never
had chicken pox"

Pathological
phenomenon
absent

FHIR Zulip 9/5

129

not currently taking

Risk factor absent

Typicaly not
represented
asaprovider
intervention but
as afact about the
patient.

FHIR Zulip 9/5

130

Patient does not
consent to surgery

Patient alignment

PC 9/20/16

131

healed fracture (no
fracture)

not relevant: Status

Thisisaconcern
status

PC 9/20/16

132

Patient is not NPO

Doesn't fit

Specific safety
protocol

PC 9/20/16

133

1.  Nothing

to eat or drink

until respiratory
distress dissipates
[respiratory distress
absent]

Pathological
phenomenon
absent

VA Use Case CHF
- ED 20150305

156

1. Nothingto
eat or drink until
respiratory distress
dissipates [NPQ]

Contraindication

VA Use Case CHF
- ED 20150305

134

Percentage of
patients aged

65 years and

older who have

an advance care
plan or surrogate
decision maker
documented in the
medical record or
documentation in
the medical record
that an advance
care plan was
discussed but the
patient did not wish
or was not ableto
name a surrogate
decision maker or
provide an advance
care plan.

Patient alignment

Closed world

PQRS 47

135

Percentage of
children 3 months
through 18 years
of age who were

Procedure not done

Closed world

PQRS 65
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diagnosed with
upper respiratory
infection (URI) and
were not dispensed
an antibiotic
prescription on or
three days after the
episode

136

Percentage of
patients aged 18
years and older
with a diagnosis
of multiple
myeloma, not in
remission, who
were prescribed
or received
intravenous
bisphosphonate
therapy within the
12-month reporting
period [condition
not in remission]

not relevant: Status

thisisaproblem
status

PORS 69

137

Percentage of
patients aged 2
years and older
with adiagnosis of
AOE who were not
prescribed systemic
antimicrobial
therapy

Procedure not done

Closed world

PQRS 93

138

Percentage of
patients, regardless
of age, witha
diagnosis of
prostate cancer

at low risk

of recurrence
receiving
intertitial prostate
brachytherapy,

OR external beam
radiotherapy

to the prostate,

OR radicd
prostatectomy, OR
cryotherapy who
did not have abone
scan performed

at any time since

Procedure not done

Closed world

PQRS 102
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diagnosis of
prostate cancer

139

Percentage of
adults 18 through
64 years of age
with a diagnosis
of acute bronchitis
who were not
prescribed

or dispensed

an antibiotic
prescription on or
3 days after the
episode

Procedure not done

Closed world

PQRS 116

140

Percentage of
patients aged 18
years and older
with adiagnosis
of chronic kidney
disease (CKD)
(stage 3, 4, or

5, not receiving
Rena Replacement
Therapy [RRT])
who had afasting
lipid profile
performed at least
once within a 12-
month period

Procedure not done

Closed world

PQRS 121

141

Percentage of
patient visits for
those patients aged
18 years and older
with adiagnosis

of chronic kidney
disease (CKD)
(stage 3, 4, or

5, not receiving
Rena Replacement
Therapy [RRT])
with ablood
pressure < 140/90
mmHg OR
140/90 mmHg with
a documented plan
of care

Procedure not done

Closed world

PQRS 122

142

Percentage of
patients, regardless
of age, witha
current diagnosis
of melanoma

Procedure not done

Closed world

PORS 137
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or ahistory of
melanoma whose
information was
entered, at least
oncewithina 12
month period, into
arecall system that
includes:

o A target date
for the next
complete
physical skin
exam, AND

e A process
to follow up
with patients
who either did
not make an
appointment
within the
specified
timeframe or
who missed
ascheduled
appointment

143

Percentage of
patients aged 18
years and older
with a diagnosis of
primary open-angle
glaucoma (POAG)
whose glaucoma
treatment has not
failed (the most
recent |OP was
reduced by at least
15% from the pre-
intervention level)
OR if the most
recent |OP was not
reduced by at least
15% from the pre-
intervention level,
aplan of care was
documented within
12 months

not relevant:
Threshold

threshold, not
negation

PQRS 141

144

Final reportsfor
procedures using
fluoroscopy that
document radiation

not relevant:
Comparison

2 conditiona
queries

PQRS 145
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exposure indices,
or exposure time
and number of
fluorographic
images (if radiation
exposure indices
are not available)

145

Percentage of
patients aged

18 years and
older undergoing
isolated CABG
surgery who have
apostoperative
stroke (i.e.,

any confirmed
neurological
deficit of abrupt
onset caused by
adisturbancein
blood supply to the
brain) that did not
resolve within 24
hours

not relevant: Status

Clinical status of
disorder

PQRS 166

146

Percentage of
patients eval uated
in an outpatient
setting who within
the previous 12
months have
experienced an
acute myocardial
infarction (M1),
coronary artery
bypass graft
(CABG) surgery,
a percutaneous
coronary
intervention (PCI),
cardiac valve
surgery, or cardiac
transplantation,

or who have
chronic stable
angina (CSA)

and have not
already participated
inan early
outpatient cardiac
rehabilitation/
secondary

Procedure not done

Closed world

PQRS 243
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prevention (CR)
program for the
qualifying event/
diagnosis who were
referredto aCR
program

147

Percent of patients
undergoing open
repair of small or
moderate sized
non-ruptured
abdominal aortic
aneurysms who do
not experience a
major complication
(discharge to home
no later than post-
operative day #7)
i.e., who do not
experience amajor
complication

not relevant:
Threshold

Discharge
threshold

PQRS 258

148

Percent of patients
undergoing
endovascular
repair of small

or moderate non-
ruptured abdominal
aortic aneurysms
(AAA) that do

not experience a
major complication
(discharged to
home no later than
post-operative day
#2)

not relevant:
Threshold

Discharge
threshold

PQRS 259

149

Percentage of
patients 18-50
years of age with
adiagnosis of low
back pain who
did not have an
imaging study
(plain X-ray, MRI,
CT scan) within
28 days of the
diagnosis.

Procedure not done

Closed world

PQRS 312

150

Patients aged

18 years and

older who had
surgery for primary
rhegmatogenous

Procedure not done

Closed world

PQRS 384

131



Draft Requirements to Represent Ab- Draft
sence in Interoperability Standards
ID Item Content category |Usecategory Source
retinal detachment
who did not require
areturnto the
operating room
within 90 days of
surgery.
151 Percentage of Procedure not done | Closed world PORS 419
patients with
adiagnosis of
primary headache
disorder for whom
advanced brain
imaging was not
ordered.
152 Left hemiplegia Normal impliesright team call 3/8/17
phenomenon hemiplegia absent
absent
153 Closed head injury implies no open team call 3/8/17
head wound
154 Doyou havea Normal team call 3/8/17
spleen? Order phenomenon
check question for |absent
live vaccine
157 Patient has zero Pathological count question VA |A project
pressure ulcers phenomenon synonymous with
absent "absent"
158 Head CT without | Procedure not done |Modality kind IA group cal
Contrast 17/10/20
159 Areyou Pathological IA group
experiencing chest | phenomenon
pain now? absent
160 Have you Pathological IA group
experienced chest | phenomenon
paininthepast? |absent
161 When you Pathological IA group
experiencechest | phenomenon
pain does it absent
radiate?
162 wound has no odor | Pathological IA group
phenomenon
absent
163 What concerns are | Pathological
active? phenomenon
absent
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9.7.4. Maps

Table9.4.

C-CDA key elements

FHIR key elements

Notes

<act classCode="ACT"
moodCode="EVN">

<code code="CONC"
codeSystem="2.16.840.1.113883.
>

<statusCode code="active"/>

<entryRelationship
typeCode="SUBJ">

Concern not covered in FHIR
example

b.6"/

This could be membershipin a
FHIR concern list; no examples
exist

<observation classCode="0OBS"
moodCode="EVN"

negationlnd="true">

"resourceType":
"Allergylntolerance"

CDA observation is generic;
FHIR implies allergy object

<code code="ASSERTION"
codeSystem="2.16.840.1.113883.
>

5.4"/

C-CDA pattern follows
Terminfo

Not covered in example

"clinical Status': "active",
"verificationStatus':

FHIR statuses might be seen to
narrow the scope of the negation;

code="419199007"

displayName="Allergy to
substance (disorder)"

codeSystem="2.16.840.1.113883.
codeSystemName="SNOMED
CcT'/>

subentry for problem status? "confirmed", they are also optional. Would
recommend removal.
CDA status describes the record
object; also supports a problem
status (deprecated) but it's not
specified in Allergy or used in
example

<effectiveTime> time required by C-CDA
template

<low nullFlavor="NA"/>

</effectiveTime>

<value xsi:type="CD" "coding": Semantic mapping engages here

"system": "http://snomed.info/
g:t"!

“code": "716186003",

6.96"
"display": "No Known Allergy

(situation)"

716186003 has 'allergic
disposition' asits associated
finding, the parent of 'allergy to
substance’
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Table9.5.

CCDA toFHIR

FHIR to CCDA

When observation.code is Assertion &
observation.value is a descendant of [allergic
condition?], create a FHIR Allergylntolerance
resource

When valueCode is a descendant of [allergic
condition?], create an observation with code of
Assertion and value of the condition

If negationind is null or false, use the alergic
condition value

When valueCode is a Situation, with a
findingContext of "known absent," put the
associatedFinding value into the observation.value,
and set the negationind to True

If negationind is True, use the situation with
explicit context that asserts the the condition
identified is known absent

Set required fields: statusCode to "completed” and
effectiveTime to NA

If no such situation code exists, provide an
expression

clinical Status and verificationStatus are optional :
do not populate unless the CDA instance includes
astatus

C-CDA example:

http://hl7-c-cda-exampl es.herokuapp.com/exam-

ples/view/Off4ddb1f 9ccaetf d6aa9b5db98aedd9f 22290af

FHIR example: http://build.fhir.org/allergyintol erance-nka.json.html
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11. Representing Statements

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 document is:

1. To define a statement for the purpose of data representation.
2. To define the types of statements and their attributes.

3. To provide a set of guidelines to model statements.

A statement is an expression of facts or plans. We will use two common—and misleadingly smple—
statement topics: Pulse Rate and Blood Pressure as expository statements. If a patient told aclinician that
their pulse rate was 120 and their BP was 160/95, or a clinician told a patient that they should keep their
resting pulse rate below 70, and their Blood Pressure below 120/70, they would be mutually understood.
The ability for the creator of the statement and the interpretor of the statement to each believe that they
understand the statement is the first requirement.

11.1. Clinical Observation Modeling

Supporting Domain Semantics, Flexibility, and Interoperability
Walter Sujansky

11.1.1. Introduction

Thiswhite paper emerged from discussions among informaticists, computer scientists, and medical doctors
about the appropriate modeling of clinical observationsin information systems. The participants included
representatives of the VHA-DoD, CIMI, HL7-FHIR, FHIM, SNOMED-CT, and OpenEHR initiativest.
The paper does not necessarily represent a consensus among the discussants or the viewpoint of any par-
ticular discussant. Its purpose is to provide background on the topic, to summarize a number of the view-
points expressed, and to provide preliminary recommendations for further consideration. The contents are
subject to further modification as the discussion evolves.

11.1.2. Statement Models

Statement models (2) are conceptual-level datamodels of the discrete statements about patients that can be
stored in, processed by, and retrieved from aclinical 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.

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

WHA = Veterans Health Administration; CIMI = Clinical Information Modeling Initiative; HL7-FHIR = HL7 Fast Healthcare Interoperability
Resources working group; FHIM = Federal Health Information Modeling.

2Statement models are also referred to as “Clinical Observation Models,” “Archetypes,” “Clinical Event Models,” and “Clinical Models’ in the
informatics literature and vernacular.
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elements must be populated in every instantiated object versus optionally populated. Figure 11.1 shows
the graphical depiction of an example statement model for a blood pressure measurement.

Figure 11.1. Exampleclinical object model for a blood pressure measur ement
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11.1.2.1. The Role of Clinical Observation Models

In general, clinical observation models serve at least two purposes.

1. statement models standardize the capture, retrieval, and exchange of clinical observations within and

between information systems. As seenin Figure 11.1, 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).

. 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 11.2 shows how statement models serve both of these purposes in an information system. Note
how the set of clinical information models servesasa“view” or “interface” to all clinical datathat may be
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stored by and retrieved from the information system. The design of the statement modelsis flexible and
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 11.2. The role of clinical observation models in electronic health record
systems
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11.1.3. OpenEHR: An Example Framework for Clinical
Observation Modeling

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 11.3 illustrates the
components of the OpenEHR architecture, which are further described below.

Figure 11.3. OpenEHR architecture
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3Demski 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).
“nttp:/Awww.openehr.org/what_is_openehr.
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11.1.3.1. 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 aso
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 11.4 shows the constructs of the OpenEHR reference model and how they are hierarchically orga-
nized to create the “ scaffolding” for patient records.

Figure 11.4. OpenEHR Reference M odel
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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
data elementsthat areinherited by all 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, all Entries and Elements used to record actual observations are specified within sub-types of
the Observation class, which OpenEHR calls“ Archetypes.”

11.1.3.2. 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 11.5 shows the graphical representation of an
OpenEHR archetype.
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For primitive Elements, the Archetype may define further constraints that define how the Element may be
populated, as shown in the callouts of Figure 11.5. 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”,
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 11.5. Example of an OpenEHR Archetype
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OpenEHR Archetypes must be defined using only the constructs of the underlying Reference Model, as
shown in Figure 11.3. 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 11.5 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 least) de-couples
Archetype specifications from low-level implementation dependencies.
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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.

11.1.3.3. 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 11.3).

Figure 11.6 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 11.6. Example of an OpenEHR Template
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Although not shown in Figure 11.6, Templates may also include additional constraints applied to their
constituent 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 constraints is to customize an Archetypes 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 11.7 shows a graphical user interface (“ Screen Form”) for data entry generated from
the heart-failure Template in Figure 11.6. Because the Template design constrained the Blood Pressure
Archetypeto include only the “Systolic” and “Diastolic” Elements (as opposed to the full set of Elements
shown in Figure 11.5), 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 Templatein Figure 11.6 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.

SSee http://www.openehr.org/ckm/ for an online listi ng.
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Figure 11.7. Example of a Screen Form generated from an OpenEHR Template
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11.1.3.4. Querying OpenEHR Data

Although OpenEHR Templates may combine and further constraint 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 11.8 for agraphical representation of these dependencies).

Figure 11.8. Architectural componentsused in querying of OpenEHR data.
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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 11.6) 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 11.1.3.1).

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
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-
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cept with the specific disease concepts (such as “ Atherosclerosis’) that are actually referenced in defined
Archetypes.

11.1.4. Patterns for Clinical Observation Modeling

Model-Driven Devel opment provides auseful 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 observation models
they include. As discussed, the same types of observations may be modeled in many different ways, and
the design choices made influence the ease and consistency with which the clinical observation models
can be used. This section discusses some of those choices and the design criteriathat should govern them.

11.1.4.1. Clinical Observations in the Abstract

It's useful to consider what clinical observations essentialy 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 observation pertaining to a patient consists in the abstract of two general components:

» The Aspect of the patient that is being described, either implicitly or explicitly. For example, the obser-
vation “The patient’s systolic BP is 130 mmHg” explicitly describes the Aspect “Systolic Blood Pres-
sure,” whereas the observation “ 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".

e The Value or Magnitude of the descriptor. For example, the observation “The patient’s systolic BP is
130 mmHg" specifies the magnitude “ 130" whereas the observation “ 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 and the value/magnitude of an observation may, themselves, be further modified or qualified
to denote the complete semantics of the observation. 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 observation is specified:

» The Context in which the clinical observation occurred or was recorded. This component typically de-
notesinformation that isimportant to record but does not directly modify the Aspect or the Value/Mag-
nitude. Examples may include who specifically reported the observation (e.g., the patient versus the
patient’s mother) or what instrument or technique was used to collect the observation (e.g., by rhythm
strip versus 12-lead EKG). Notably, there is sometimes a fuzzy distinction between information that
modifies the Aspect of a clinical observation and information that denotes its Context. For example,
the fasting state of a patient at the time a serum LDL cholesterol measurement was taken could be con-
sidered to denote the Context of the measurement (with the Aspect being simply “ Serum LDL Choles-
terol”) or the fasting state could denote a qualifier of the Aspect (with the Aspect being “Serum LDL
Cholesterol, with FastingState = True”).

Based on these abstract components of a clinical observation, the same observation can be modeled in
different ways. The examplesin Figure 11.9 show reasonable variations in the use of aspect, value, and
context to represent the same observation semantics.
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Figure 11.9. Example variationsin modeling of clinical observations

= “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)

11.1.4.2. General Design Patterns for Clinical Observations

At least three general structural patterns may be considered for the design of clinical observation models,
Assertion, Evaluation, and Belief:

 Assertion pattern. No Aspect isexplicitly specified; aVaue, with possible qualifiersisalways specified;
a Context is optionally specified. Example:
e Aspect =NULL
* Vaue = (Asthma, with type = intrinsic, with severity = mild, with status = active)

This pattern assumes that, for every Vaue, 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 isaways specified; aValue, with possible qualifiersis aways specified;
a Context is optionally specified. Example:
e Aspect = Serum LDL Cholesterol
* Value = (185, with units-of-measure = mmHg)
« Context = Fasting

This pattern explicitly specifies the Aspect and considers it the “question” that the observation is ad-
dressing. The Value congtitutes the “answer” to the question. The pattern is most naturally suited to ob-
servations represented as “attribute/value” pairs, such as simple testing results (blood glucose, FEV 1),
scoring instruments (Apgar, Braden scores), and patient characteristics with quantitative or ordinal val-
ues (pulse, pain intensity).

» Belief pattern. An Aspect, with possible qualifiers, is always specified; aValue, with possible qualifiers
is always specified; a Context is optionally(but rarely) specified. Examples:
* Aspect = Diagnosis
* Vaue = (Asthma, with type = intrinsic, with severity = mild, with status = active)
¢ Aspect = Serum LDL Cholesterol, with Fasting-State = True
* Value = (185, with units-of-measure = mg/dL)

This pattern is the most general and can be applied equally to symptoms, findings, diagnoses, test re-

sults, scoring instruments, and quantitative characteristics. It does require, however, that an Aspect is

explicitly specified in all cases as part of the observation model (although this constraint does not nec-

essarily require that the Aspect be specified by users at the time the observation is instantiated, since
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11.1.4.3. Desiderata for Clinical Observation Model Design Patterns

Given that multiple design patterns exist for clinical observations, 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 Usabilityﬁ, 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 not vary according to the
nature of the interface, user preferences, or the time of entry.

» Usability: One should not model concepts, concept properties, or distinction among concepts for which
thereis no current use in healthcare.

Among these criteria, reproducibility is arguably the most important in selecting optimal design pattern
for clinical observations, because the property of reproducibility most influences the value of clinical ob-
servations as standar dized representations of clinical information that can be shared by different software
modules and information systems. As illustrated in Figure 11.2, multiple software modules may use the
same clinical observation models to implement distinct functions. To ensure that the creation, use, and
exchange of clinical data is done uniformly, the clinical object models must not vary according to the
contexts in which they are created or processed, i.e., they must be reproducible.

To help ensure reproducibility, modelers should follow at least two guidelines when creating clinical ob-
servation models: Avoid arbitrary variation and explicitly represent clinically relevant distinctions. Fig-
ure11.10illustratesrel evant examplesand counterexampl es of these guidelines. Notethat thefirst example
shows three different modeling patterns for the same type of observation. In this case, it would be prefer-
able to model all observations of thistype using only one of the patterns (applying any one of the patterns
to all three observationsis|eft asan exercisefor the reader). The second example shows an observation for
which the complete clinical meaning of the finding (*Weaknessin Right Arm”) depends on whether it was
objectively discerned by the physician through examination, or just subjectively reported by the patient.

Figure 11.10. Guidelinesfor designing clinical observation models

= Avoid arbitrary variation, such as

1. Aspect=NULL
Value = Regular pulse VS.

2. Aspect = Skin Turgor
Value = Normal vs.

3. Aspect = Physical Exam Finding
Value = Brisk Knee Reflex

= Explicitly represent clinically relevant distinctions, such as

1. Aspect = Patient-Reported Symptom
Value = Weakness in Right Arm Vs.

2. Aspect = Physical Exam Finding
Value = Weakness in Right Arm

Figure 11.11 showsapoorly designed clinical observation model that violatesthe 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 observa-
tion entered by one user or another will necessarily complicate subsequent data querying and analysis. For
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example, adataanalyst seeking all patients with afamily history of coronary artery disease would haveto
search both the “Per problem” and the “Per family member” paths of each “Family History” observation
stored in the EHR.

Figure 11.11. A poorly designed clinical observation model
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Given the M odel-Driven Devel opment approach and the design considerations described above, two gen-
eral options exist for specifying clinical observation models:

1

Standardize on a single design pattern for al clinical observation models (i.e., either the Assertion,
Evaluation, or Belief pattern described in Section 11.1.4.2). This approach may facilitate the tasks of
data analysts and software devel opers, who will need to learn many clinical observation 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 11.1.4.2.

. Allow multiple design patterns, specific to individual types of observations models (e.g., al lab results,

all symptoms, al physical exam findings), or even to specific observation models (e.g., distinct models
for skin turgor versus knee reflex). This approach offers maximum flexibility in modeling specific clin-
ical observationsin the most natural manner. Because individual clinical observation modelswill often
be quite complex and extensivein any case (as seen from the examplesin thisreport), the basic pattern
they follow (i.e., Assertion vs. Evaluation vs. Belief) may be the least of the variations among them
that data analysts and software devel operswill need to be concerned with. Hence, it may not practically
matter whether clinical observation models conform to a single pattern or to multiple patterns, aslong
as the models are clearly documented.

In net, option 2 may be the preferred approach. Modelers should allow for multiple design patterns, as
needed, but strive for maximum standardization for any specific type of observation (i.e., lab result versus
symptom versus diagnosis, etc.). Such an approach will enable maximum flexibility for modeling differ-
ent observations in an optimal fashion, while minimizing arbitrary variations among clinical observation
model designs.
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11.2. Needs title

A statement represents an entry in arecord that documentsin a structured/computable manner information
about a subject of information, such as a patient or a relative of the patient, and that is asserted by a
particular source, recorded, and potentially verified.

Clinicians author clinical statements and enter them into their organization’s electronic health record
(EHR). Clinicians typically input the information via a manner that we call here the clinical input form
(CIF). However, the CIF is not a literal form that clinicians select and enter data in. Rather, it refers to
the manner in which information is presented to the clinicians and how they input the data, such as by
constraining the information to alow only certain values to be entered, such as through a drop-down list
or radio button, or breaking up large chunks of related information into smaller parts. For example, when
aclinician orders a medication, rather than selecting this information all at once with a single item, they
will choose the various parts of the medication order, such as:

 Kind of drug and strength (e.g., Acetaminophen 150 mg)

» Amount and how often the patient should take the medication (e.g., 1 tablet twice daily)
* Duration (2 days)

» Any constraints (e.g., do not exceed atotal daily dosage of 600 mg)

Ideally, the way the information is presented to clinicians is in a manner that is most efficient for the
clinicians to use. However, what is an efficient way for clinicians to select and input data may not be the
most efficient way for data analysts to use when they are querying data once it has been normalized and
stored in a database, such as when creating anew CDS rule or compiling prevalence statistics. For this,
the datais normalized using the analysis normal form (ANF) and stored in a database. Again, the ANF is
not necessarily a physical structure, but is how a data analyst might see the data when they are looking at
it in adatabase, and not as clinicians would seeit in the user interface (i.e., CIF).

* Clinician collectsdataa Clinica Input Form
» Datais normalized a Transformation process from CIF to ANF & Representable/storable in multiple

types of databases, which could include VistA but a separate process would need to be performed to
make that happen.

» Data analyst who is using or querying the data (e.g., creating a CDS rule or working on prevalence
statistics) a ANF (it is how the data is represented or stored in the database; must know enough about
the data to know what is stored in the topic vs. what is stored as aresult or detail)

Table11.1. General Statement M odel

Statement

Narrative:

Topic:

Subject of information:
Statement time:

Act:
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Editorial Rule 11.1. Topic

The topic is the center of interest or activity represented by the statement. A few exam-
ples of topics include [# Insulin dependent diabetes mellitus tvoe 1Al , [ Pulseratel

[ Administration of medicationl . For each of thesetopics, theinformation that must be described
is quite different, so CIMI describes topic types that contain the appropriate properties to describe the
required information for the given topic. The number of topic types will change as CIMI progresses, but
currently the allowabl e topic types are EvaluationResult, Assertion, and Procedure.

Editorial Rule 11.2. Subject of infor mation

The Subject of Information represents who or what the statement refers to. In most cases, the Subject of
Information refers to who or what the record within which this statement is embedded is about. In such
cases, the Subject of Information may be referred to as the Subject of Record. In other cases, the Subject
of Information may refer to a relative of the Subject of Record (mother, father, uncle...), and would be
recorded appropriately in such circumstance.

Editorial Rule 11.3. Statement time
The Statement time is the time the statement is made. The statement time is independent of the period

of time that a statement refers to, which may be past, present, or future, and is represented separately as
part of the act.

Editorial Rule11.4. Act

The Act isinformation that details the act related to the topic, either arequest act, or a performance act.

11.2.1. Statement Layer Concerns

The statement layer is primarily concerned with representation of instance data.

11.2.1.1. Measurement

11.2.1.2. Reporter

11.2.1.3. Performer

11.2.1.4. Subject of information

11.2.2. Crosscutting Concerns

11.2.2.1. Query

11.2.3. Understandable, Reproducible, and Useful

Given anarrative, fill out the form
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Example 11.1. Pulse observed to be 110

A patient tellstheir health-care provider that they had a ™ Pulse ratel on Monday, April
23rd at 9:15 am Pacific Standard Time.

Example 11.2. Resting pulserequested to belessthan 70
A health-care provider tells a patient that they would like their resting pulse to be less than 70.

In the case of a human interpretor, they can often believe that they understand a statement, even when
there is a great deal of information missing from the statement. In the above example, it was probably
assumed that the units used to measure the blood pressure was mm/Hg, that the patient was at rest and
seated, and that the pressure was measured from a brachial artery, either the brachia artery in the right
arm, or the brachial artery in the left arm.

In a face-to-face interaction, statements can often be clarified to confirm assumed content, and to ensure
effective communication of information from the creator to the interpretor. When recording statements for
future interpretation, such verification of assumed content cannot be performed. This inability to clarify
statements after the fact requires that statements sufficiently record the circumstances necessary to repro-
ducibly interpret the statement.

Editorial Rule 11.5. Under standable

Editoria rules must be understandable to an editor or user ssimply by reading the definition or rule. A
statement must be understandable to the creator and the interpreter.

Editorial Rule 11.6. Reproducible

Independent observers encountering a topic and equivalent circumstances will record equivalent state-
ments

Editorial Rule 11.7. Useful

The representation must be useful for the purposes that the modeling is intended to support.

11.2.4. Structured Statement

Narrative: Pulse observed to be 100 bpm on Monday, April 23rd at 9:15 am Pacific Standard Time
Action Topic: Pulse

Circumstance: facts or conditions relevant to an action; Two types of action: request, performance

Table 11.2. Patient pulse representation of narrative with Structured Statement

Performance Statement

Narrative: Pulse observed to be 100 bpm on Monday, April 23rd at 9:15 am Pacific
Standard Time

Topic: Pulse
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Performance Statement
Subject of Patient of Record
information:
Statement time: Monday, April 23rd 2018 at 9:15 am Pacific Standard Time
Act: Circumstance: Timing:
Result: 120 beats per minute

11.2.4.1. Modeling Principles

The modeling guidelines were developed in accordance with the principles shown below.

» Separation of Concer ns: Asdefined by Wiki pedia7: Separation of Concerns (SoC) isadesign principle

for separating a computer program into distinct sections, such that each section addresses a separate
concern. A concern is a set of information that affects the code of a computer program. A concern can
be as general asthe details of the hardware the code is being optimized for, or as specific as the name of
aclassto instantiate. A program that embodies SoC well is called amodular program. Modularity, and
hence separation of concerns, isachieved by encapsulating information inside asection of codethat hasa
well-defined interface. Encapsulation is a means of information hiding. Layered designsin information
systems are another embodiment of separation of concerns(e.g., presentation layer, businesslogic layer,
data access layer, persistence layer). The value of separation of concerns is simplifying development
and maintenance of computer programs. When concerns are well-separated, individual sections can be
reused, as well as developed and updated independently. Of special valueisthe ability to later improve
or modify one section of code without having to know the details of the other sections, and without
having to make corresponding changes to those sections.

The use of immutable objects (see principle B Immutability below) is atechnique that fulfills the Sep-
aration of Concerns principle.

Attributes that describe specific semantic concepts should be grouped together into a single class and
not be spread across anumber of classes. Doing thelatter leadsto tight coupling between classes. Doing
the former leads to better decomposition of a potentially complex domain.

Example: Attributes for a Role (e.g., Practitioner) should not be mixed with attributes for an Entity
(e.g., Person). This alows a person to assume a number of roles over their lifetime or to function in
more than one role.

Immutability: An Immutable Object as defined by Wikipedias: Used in object-oriented and functional
programming, an immutable object is something that cannot be changed after it is created, in contrast
to mutable objects that can be changed after they are created. There are multiple reasons for using
immutable objects, including improved readability and runtime efficiency and higher security.

Although building immutable objects...requires a bit more up-front complexity, the downstream sim-
plification forced by this abstraction easily offsets the effort. One of the benefits of switching to afunc-
tional mindset istherealization that tests exist to check that changes occur successfully in code. In other
words, testing’ sreal purpose isto validate mutation — and the more mutation you have, the more testing
is required to make sure you get it right. If you isolate the places where changes occur by severely
restricting mutation, you create a much smaller space for errors to occur and have few plates to test.

Finally, one of the best features of immutable classes is how well they fit into the composition abstrac-
tion.

"https://en.wikipedia.org/wiki/Separation_of _concerns

8https://en.wikipedia.org/wiki/immutable_object
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e Composition Over Inheritance: Composition over inheritance (or composite reuse principle) in ob-

ject-oriented programming 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 inheritance from a base or parent class.

To favor composition over inheritance is a design principle that gives the design higher flexibility. Itis
more natural to build business-domain classes out of various components than trying to find common-
aity between them and creating afamily tree.

Initial design is simplified by identifying system object behaviors in separate interfaces instead of cre-
ating a hierarchical 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.

Item for Consideration: Should we say that we only allow inheritance for a single concern, i.e., we can
subtype measurement but not subtype a combination of phenomenon type and measurement type?

Statement Modd Stability: Stability is different from immutability. Stable means that the model can
still meet unanticipated regquirements without having to change. It is not acceptable to change the model
every time a new way to administer a drug or to treat a condition is identified. By representing these
types of potentially dynamic concerns in the terminology expressions, as opposed to static fieldsin a
class structure, we do not have to change the model every time something new is discovered. As Terry
Winograd said, anticipating breakdowns, and providing a space for action when they occur, isadesign
imperative.

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 critica 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 representsaclinical
Statement.

Overall Model Simplicity: In cases where different principles collide, we shall favor the enhancement
of ssimplicity of the entire system over smplicity in one area of the system.

Cohesion: Related classes should reside in the same module or construction. The placement of a class
in amodule should reduce the dependencies between modules.

Reusability: Architectural patterns should encourage class reusability where possible. Reusability may
further refine encapsulation when composition is considered.

Assumption-free: Implied semantics must be surfaced explicitly in the model.

« Example: Implicit inthe statement, “1 order abook from Amazon” are: paying for the book, delivery
of the book to some location, and the transfer of ownership of the book from the vendor to the client.

Design by Composition and/or Class Specialization: The capture of additional model expressivity
must be captured by composition and/or by class specialization. The modeling approach should avoid
the use of design by constraint (except for terminology binding and attribute type constraints) asit vio-
|ates proper decoupling and encapsulation. An example of design by constraint isto create asingle pro-
cedure class containing all attributesfor all known procedures and constraining out irrelevant attributes
in a more specialized model. This approach is very difficult to implement and violates numerous ob-
ject-oriented best practices.

No False Dichotomies. Dichotomies that are not completely digoint (mutually exclusive) lead to ar-
bitrary classification rules and result in ambiguity based on different assumptions about the domain.
These must be avoided.
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Model Should Avoid Semantic Overloading (semantic precision): Semantic overloading occurs
when amodel attribute’ s meaning changes entirely, depending on context. While the refinement of the
semantics of an attribute in a subclass is 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 refersto (e.g., the patient in amedical record). In other cases, it
is the topic being discussed by the composition (e.g., a medication orderabl e catalog).

» Convention Over Configuration: Convention over configuration (also known as coding by conven-

tion) isasoftware design paradigm used by software frameworksthat attempt to decrease the number of
decisionsthat adevel oper using the framework isrequired to make without necessarily losing flexibility.

* Model 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).

* Model Symmetry: There should be symmetry in the models wherever we can haveit.

* Iterative development and validation using use cases

Table 11.3. Pulse M easur ement Statement

Performance Statement

Narrative:

Topic:

Subject of
information:

Statement time:
Performance Act: Circumstance: Timing:
Result: 120 beats per minute

Table 11.4. Pulse Request Statement

Request Statement

Narrative:
Topic:

Subject of
information:

Statement time:
Request Act: Circumstance: Timing:
Repetition:
Requested result: < 70 beats per minute

11.2.4.2. Measurement

Editorial Rule 11.8. M easur ement

Define measurement
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Editorial Rule 11.9. L ower bound

The lower bound isthe smallest reported value of the measurement. If only one value is reported, then the
lower bound is the same as the upper bound.

Editorial Rule 11.10. Upper bound

The upper bound is the largest reported value of the measurement. If only one value is reported, then the
upper bound is the same as the lower bound.

Editorial Rule11.11. Include lower bound

Indicate if the lower bound is within the interval represented by this measurement, or outside the interval
represented by this measurement.

Editorial Rule 11.12. Include upper bound

Indicateif the upper bound is within the interval represented by this measurement, or outside the interval
represented by this measurement.

Editorial Rule 11.13. Resolution

An optional numeric representation of the resolution of this measurement, using the same semantics as
the measurement itself.

Editorial Rule 11.14. M easur e semantic

A concept that defines the semantic interpretation of the upper and lower bounds of this measurement.

11.2.5. Statement Types

The types of clinical statements are listed and described below. The rationale for selecting these types
is: Clinicians basically do two categories of things with a patient that need to be documented as clinical
statements:

1. Performance of action: Actions may include 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 participating in exercise to
improve their overall health status.

2. Request for action: Requests for future actions may include defining goals, consultation with other
providers, or active interventions.

NOTE: Given that this work is not finalized yet, it is possible that additional clinical statement types
may need to be added in the event during creation of the KNARTSs there are clinical terminology artifacts
identified that do not fit into any of the types listed above.

Any statement that states or implies an “if/then” clause should be expressed and captured as an ECA rule
Example:

» “Free-text reminder: Consider [ordering X procedure] for patientswith suspected pericarditis, myocardi-
tis, hypertrophic cardiomyopathy, or pulmonary hypertension.”

» Implied “if/then” clause: | F pericarditis, myocarditis, hypertrophic cardiomyopathy, or pulmonary hy-
pertension is suspected — THEN consider ordering X procedure.
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» Rather than capturing the above statement as a free text reminder, building an appropriate ECA rule
should be considered.

11.2.5.1. Performance Statements

An action statement describes an action that has previously been performed, and —if applicable - theresults
of that action. As shown in the examples below, this can range from documenting that a subject of record:

» Was observed to have the presence or absence of a clinical phenomenon
» Underwent a specific test/screening or procedure, and its resultant value, if any

» Was administered a medication or other substance

Was provided educational materials
» Has any other state or specific characteristic that is clinically relevant
If the action statement:

» Regards a measurement that was taken, all information about that measurement will be included as part
of the clinical statement, such asits value and unit of measure and any details about how the measure-
ment was taken.

* Resultsin an order(s) placed during the same encounter that was made to learn more about the phe-
nomenon or to monitor it, then alink will be made to the order(s).

Examples of Action clinical statements:

1. Systalic blood pressure of 120 mmHg taken from right brachial artery while seated and no more than
30 minutes from when the patient last urinated

. Diabetes mdllitusis present

. Diabetes mellitusis not present

A WDN

. Three dot blot hemorrhages

(2]

. Dot blot hemorrhageis present

6. Patient taking one Acetaminophen 100 mg tablet by mouth daily as needed for pain
7. Positive screen for fall risk

8. Negative screen for PTSD and depression

9. Family history of colon cancer

10.Patient provided educational materials on pre-diabetes diagnosis

11 Patient counseled on the health risks of continuing smoking

11.2.5.2. Request Statements

A Request clinical statement describes a request for an action made by a clinician. 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., 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 a lipids blood test.
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Examples of Request clinical statements:

1. Lipids panel for patient Jane Doe. Patient must fast for 12 hours prior to the blood test.

2. Head CT with contrast for patient John Doe.

3. Cardiology referral for patient Mary Smith.

4. Penicillin medication for patient Michagl Smith to be taken twice aday by mouth with food for 10 days.
5. Advised to participate in group tobacco cessation counseling once aweek.

6. Advised to lose 15 pounds within 3 months.

7. Advised to exercise at least 3 times aweek for 30 minutes per day for 3 months.

8. Advised to decrease the number of packs smoked per day from 3 to 2 within 6 months by using a
nicotine patch.

11.2.6. Statement Building Blocks

The following components are used in multiple places within clinical statements.

11.2.6.1. Stamp Coordinate

The stamp coordinate represents the versions of the integrated terminology and statement model used to
represent aclinical statement.

11.2.6.2. Phenomena and Interval Values

In many representation models, such as SNOMED-CT and CIMI, a somewhat arbitrary distinction exists
between the modeling of “Findings’ and “ Observable Entities.” The former typically document the pres-
ence or absence of some phenomenon in the patient (such as whether the patient has a pressure ulcer),
whereas the latter characterize some feature of the patient or the patient’s condition (such as the number
of pressure ulcers apatient has). Table 11.5, “ An undesirable redundancy in representing clinical observa-
tions.” shows an example of the different representationsfor these two similar observationswhen modeled
as Findings versus Observable Entity.

Table 11.5. An undesirable redundancy in representing clinical observations.

Pressure Ulcer asFinding Pressure Ulcer as Observable Entity
[Pressure Ulcer(s)]#(value)# Present] [Pressure Ulcer(s)]#(value)#5
[Pressure Ulcer(s)]#(value)# Absent] [Pressure Ulcer(s)]#(value)#0

Because the observation of pressure ulcersin a patient could be correctly modeled as either a Finding or
Observable Entity, any subseguent query to determine whether a patient had a pressure ulcer would need
to test for the observation in two different ways:

Because the observation of pressure ulcers[# Tetraloav of Fallot] in a patient could be correctly

modeled as either a Finding or Observable Entity Text before. I# Overridina structures] Text after.
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any subsequent query to determine whether a patient had a pressure ulcer would need to test for the ob-
servation in two different ways

IF EXISTS object WHERE object.conceptld = “ 3456 _PressureUlcers’ AND (object.value = “ Present”
OR object.value > 0)

This duality of representation complicates data querying and significantly increases the possibility that
data analysts will not be aware of and account for all the ways that an observation may be represented,
resulting in false-negative query results.

To resolve the arbitrary distinction between “Findings’ and “ Observable Entities,” one must consolidate
these redundant concepts types into the single concept type “ Phenomenon.” Further, one must introduce a
new datatype to represent the values of Phenomena, one that can express both the “presence” (present/ab-
sent/indeterminate) and numeric (integer, real) values that Findings and Observable Entities can currently
represent, respectively. This new datatypeisan “interval value”

11.2.6.2.1. The Interval Value Data Type

Aninterval value datatype (or “interval value”) formally represents a numeric interval between two non-
negative real numbers. The interval can be open or closed. Examples of interval values are:

[5,5], [0,10), (0,co], [0,0]

The formal syntax of interval valuesis represented by the following grammar:
Interval [ ‘[ [°CINL N2[‘T 1) ]

N1 :: Non-Negative Real Number

N2 :: [ Non-Negative Real Number | o, ]

The semantics of this grammar are as follows:

‘' and ‘]’ : Inclusive boundary (i.e. >= and <=)

‘(‘and ')’ : Exclusive boundary (i.e.,, > and <)

oo iNfinity, is> every Non-Negative Real Number

N1 <=N2

Theinterval value datatype provides asingle way to represent both “ presence” 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 values
to be expressed.

In the specia case that the beginning and end point of an interval are the same number, n, the meaning
isthat the value of the phenomenon is exactly n.

[5,5] : exactly 5; [0,0] : exactly O

In the special case that the beginning of theinterval isanumber, n, and the end point is o, the meaning is
that the value of the phenomenon is> n or >=n, depending on whether the interval is open or closed.

(0,00] > 0; [10,00] * >= 10

The interval value also represents whether a phenomenon is “present”, “absent”, or “indeterminate’.
Specifically, any interval value that includes only numbers that are > 0 also denotes the value “present”.
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Any interval value that includes only the number 0, itself, denotes the value “absent”. Any interval value
that includes both the number 0 and at least one number > 0 denotes the value “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’):

Nausea value = (0,00] - PPresent
Nausea value = [0,0] : absent

Figure 11.12, “ The semantics of interval values assigned to phenomena, as shown through examples.” lists
anumber of phenomena and how their current values (as “Findings’ or “ Observable Entities”) would be
represented instead as interval values under the model proposed here.

Figure 11.12. The semantics of interval values assigned to phenomena, as shown
through examples.

11.2.6.2.2. Comparing Interval Values using IsWithin()

Phenomena that represent clinical observations must be assigned interval values, so the querying of such
phenomena for purposes of data retrieval and data analysis requires the comparison of interval values.
Specifically, one must be able to test whether one interval value iswithin (i.e., encompassed by) another
interval value. For example, if one wanted to retrieve only those patients who had between 1 and 5 pres-
sure ulcers, one would test whether a patient had the phenomenon “ pressure ulcer” recorded with avalue
interval that waswithintheinterval [1,5]. Notethat thistest would retrieve patients who had pressure-ul cer
interval values, for example, of [1,1], [4,4], and [3,5], but not those who had [0,0] or [1,10].

Formally, the comparison of two interval values is done using the predicate ISWithin( i4, i» ), where iy,
i are interval values. The values of the IsWithin() predicate may be TRUE, FALSE, or UNKNOWN,
determined as follows:

TRUE => if anumber isiniq, then it is definitely inis (io “ subsumes’ iy)
FALSE =>if anumber isiniy, then it isdefinitely NOT ini (i “isis digoint with” i)
UNKNOWN => if avalueisin, it may or may not beini, (i, “overlaps’ i)
Examples of interval-value comparisons:

IsWithin( [5,5], [0,10] ) => TRUE (interval i, “subsumes’ interval i)
Iswithin( [15,20], [0,10] ) => FALSE (interval i, “isdisoint with” interval i4)
IsWithin( [5,15], [0,10] ) => UNKNOWN (interval i, “overlaps’ interval i)
Other useful examples:

Iswithin([2,2], (0,,] ) => TRUE

IsWithin( [0,2], (O,e] ) => UNKNOWN

Iswithin( (0,2], (0,,,] ) => TRUE

IsWithin( [0,0], (0,s,] ) => FALSE

IsWithin( [0,0], [0,0] ) => TRUE
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11.2.6.3. Querying Phenomena Using Interval Values

Based on the definition of the IsWithin() predicate, patient records may be queried for the presence or the
numeric value of clinical observations using a single formalism.

11.2.6.3.1. UUID

The UUID isthe means by which all clinical statement items that require unique identifiers areidentified.
11.2.6.3.2. Logical Expression
11.2.6.3.3. Stamp Coordinate

11.2.6.4. Compound Statements

11.2.6.4.1. Use case: Systolic BP while seated with feet on the floor for 5 minutes

Principles

» Proposed Principle 1: Clinical statements have separable and inseparable components; clinical state-
ments with separable components are considered compound clinical statements

» Proposed Principle 2: Separable components are statements, which require avalue.
¢ Thevaluescan be
e numerica
* pseudo-numerical, e.g. low/medium/high
* Present/absent
e Proposed Principle 3: Clinical statements with values can stand alone

» Proposed Principle 4: Clinical statements with present/absent values can be components that play a
role in the focus of the statement

» Proposed Principle 4: Inseparable components of clinical statements do not require values

Compound clinical statements with separable components should be represented as “panels’, with each
separable clinical statement as a“stand alone” statement, which can be referenced by multiple “ panels’.

Examples:

Table 11.6. Separ able/l nsepar able Statements - Blood Pressure M easurement Use

Case

SEPARABLE INSEPARABLE
USE CASE STATEMENTS COMPONENTS
BP of 120/80 mmHg on right brachial Systolic BP = 120 mmHg Using adult BP cuff
artery, patient in sitting position for at least| Diastolic BP = 80 mmHg Right brachial artery
5min., using adult BP cuff, urinary bladder | Time since last urination = 30
voided within 30 min. before measurement | yin. or less Sitting position
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Timein sitting position =5 min.
or more

The “panel” above would consist of the following statements:

1. Blood pressure on right brachial artery, using adult cuff, with patient in sitting position
2. Systolic BP =120 mmHg

3. Diastolic BP =80 mmHg

4. Timesince last urination = 30 min. or less

5. Timein sitting position =5 min. or more

Table 11.7. Separable/lnseparable Statements - Administration of Nitroglycerin
Use Case

SEPARABLE INSEPARABLE
USE CASE STATEMENTS COMPONENTS
Strength = 0.4 mg Administration

Frequency = every 5 minutes | Nitroglycerin
Maximum dosage = 3tablets | Tablet

Administration of nitroglycerin 0.4 mg

tablet sub-lingual every 5 minutes as needed As needed

for chest pain; maximum 3 tablets (routine) Sublingual
For chest pain
Routine

The “panel” above would consist of the following statements:

» Administration of nitroglycerin tablets as needed, sublingual, for chest pain, routine priority
* Medication strength = 0.4 mg

» Frequency = every 5 minutes

» Maximum dosage = 3 tablets

Pseudo-numerical values are qualitative scales, e.g.

e Low/medium/high

* Mild/moderate/severe

» Tumor staging and grading

* + pos./++ pos./+++ pos.

Statements with absent/present values are considered insepar able components, if they are part of the
focus of the statement.

Example statement: Patient has warm skin and blue eyes.

Warm skin and blue eyes are the focus of this statement; both components have a value of “present” and
they are part of the focus of the statement and are therefore considered inseparable;
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 Blue eyes = present
* Warm skin = present

Other components, such as right brachial artery or adult BP cuff in the BP measurement use case are
considered separabl e, although they may appear to be ableto stand al one and have val ues of present/absent.

Example action statement: Systolic BP 120 mmHg taken on right brachial artery, using adult BP cuff

Theright brachial artery and the adult BP have (implied) values of “present”, but they are not part of the
focus of the statement (Blood pressure). Therefore, they are considered separable.

* Right brachial artery = present
e Adult BP cuff = present

Theright brachial artery plays a role as the site of the blood pressure. Similarly, the adult BP cuff plays
arole as the device used to perform the measurement.

Example request statement: BP measurement to take on right brachia artery, using adult BP cuff

Theright brachial artery and the adult BP have (implied) values of “present”, but they are not part of the
focus of the statement (blood pressure). Therefore, they are considered separable.

 Right brachia artery = present
* Adult BP cuff = present

The right brachial artery plays a role as the site of the blood pressure measurement. Similarly, the adult
BP cuff plays a role as the device used to perform the measurement.

Thetwo examplesabove show, that thefocus of the statements doesnot change. It isin both casesthe blood
pressure. Theroles of the right brachia artery and the adult BP cuff consequently do not change, either.

The separable components of aclinical statements are also variables. BP measurement can be performed
at a different body site (e.g. left brachial artery) or using a different device (e.g. digital BP machine).
However, the focus of the statement remains the same.

Other examples:

» Head CT with contrast: Contrast media plays arole as an imaging substance used

» Dobutamine stress echocardiogram: Dobutamine plays arole as a substance to induce cardiac stress

» BP measurement taken at doctor’ s office: The office plays arole as an environment

» Body temperature reported by nurse: The nurse plays arole as the finding informer

11.2.6.4.1.1. Details

e Proposed Principle 1: Details refine or further qualify the topic. Topic type and topic focus together
with the details sufficiently define instance requests.

» Proposed Principle 2: Not every action or request reguires details to be sufficiently defined.

e Proposed Principle 3: A detail has akey and a value, where the value can be a concept or a numeric
range with unit.
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e Proposed Principle 4: A detail can be a separable or inseparable part of acomplex clinical statement.

Thecriteriafor identifying thefocusand detailsthat arenot part of thefocus, but playarolein aclinical
statement suggest that “details’ are all components, which play a role and are therefore separable

components.

Examples:

Table 11.8. Separable/l nsepar able Statements — Details

Has Has
. I (Pseudo-) | Present/ Part of Plays Separable/
Detail Description . Focus of
Numeric | Absent Statement Role Inseparable
Value Value
Person making the request
Actor or  documenting/reporting no yes no yes Separable
the action
Approach/ |Passage used to reach the
Access procedure site or take a no yes no yes separable
Route measurement
Body Position of the body during no s no s arable
position aprocedure/test y y P
o Priority of the request, e.g.
Priority Stat or Routine yes yes no yes separable
_— Reason that a reguest was
Indication made or an action taken no yes no yes separable
A length of time, such asfor
Duration 7 days, within 24 hours, or as yes yes no yes separable
needed
How often something must
Frequency |bedone, such asdaily, twice yes yes no yes separable
per day
Has Has
. I (Pseudo-) | Present/ Part of Plays Separable/
Detail Description . Focus of
Numeric | Absent Statement Role Inseparable
Value Value
Way in which something,
such as a medication, is
Route  of| " :
o .| givento apatient, such asby no yes no yes separable
Administrati 3% :
mouth/oral, intravenously,
sublingual
Strength of a unit of the
Strength medication/drug itself, such yes yes no yes separable
as25mg
Amount of the medication/
Amount drug that is to be taken at a yes yes no yes separable
given time, such as 2 tablets
Equals strength multiplied
Dosage by amount, e.g. 2 tablets of yes yes no yes separable
25mg equals 50mg
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The path taken by an x-ray
_— beam or ultrasonographical
Projection waveasit passesthroughthe no yes no yes separable
body
Substance such as contrast
Substance |media for imaging or no s no s arable
used catecholamine for stress y y P
induction
Device used to perform
. something, such as using a
Device used BP cuff to measure blood no yes no yes separable
pressure
Specific settingsfor adevice
Device used to perform aprocedure, s no no no arable
setting suchasO2 Flow Rate5to0 12 y 0
L/min
Person who reports a test
Informer result or gives information no yes no yes Separable
about the patient
Has Has
. . (Pseudo-) | Present/ Part of Plays Separable/
Detail Description . Focus of
Numeric | Absent Role | abl
Value Value Statement nseparable
Performer ;)cterii%n who - performs an no yes no yes separable
Assessment |Reference scale use for
Scale scoring no yes no yes separable

11.2.6.4.1.1.1. Details/Roles in the Context of Use Cases

* Role: Approach/Access Route

 Passage used to reach the procedure site or take a measurement.

» Excision of rib by cervical approach

* Administration of enemaviarectal route

* Role: Body Position

» The position of the body during a procedure/test.

« Colonoscopy inright lateral position

* Blood pressure measurement in seated position

* ECGinlying position

* Role: Body Site

» Thebody site of afinding or a procedure

 Blood pressure measurement on right brachial artery
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» Removal of tattoo from left upper arm
Role: Priority
e The priority of the request, such as Stat or Routine.
* Blood sugar measurement 3 times/day, routine
Role: Indication
» Thereason for areguest made or an action taken.
* ECGto evauate chest pain
» X-ray of hands to evaluate rheumatoid arthritis
« Patient placed in observation status due to suicidal thoughts
Role: Duration
¢ A length of time, such asfor 7 days, within 24 hours
 Physical therapy for 3 weeks
» Administration of Aspirin 200mg oral tablets for pain as needed for 2 days
Role: Frequency
» How often something must be done, such as daily, twice per day or oncein a 24-hour period.
» Chest x-ray once daily to evaluate pneumonia
 Psychiatric evaluation bi-weekly for PTSD
Role: Route of Administration
e Theway in which something, such as amedication, is given to a patient.
* Patient taking two Acetaminophen 100mg tablets by mouth
Role: Strength
¢ The strength of the medication/drug
* Patient taking two Acetaminophen 100mg tablets by mouth
Role: Amount
» The amount of the medication/drug that is to be taken at a given time, such as 2 tablets.
« Patient taking two Acetaminophen 100mg tablets by mouth
Role: Dose Form
» Theform of preparation of a medication

« Patient taking two Acetaminophen 100mg tablets by mouth
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Role: Dosage
« Equals strength multiplied by amount.
* Patient taking two tablets of Acetaminophen 100mg each = amount of 200mg.
Role: Projection
» The path taken by an x-ray beam or ultrasonographical wave asit passes through the body
e MRI of brain sagittal and transversal
 Transthoracic echocardiogram
Role: Substance Used
 Substance such as contrast media for imaging or catecholamine for stress induction
» Head CT with contrast
« Radioisotope study of musculoskeletal system
» Dyetest of fallopian tube
Role: Device Used

« A device used to perform an action, such as using a sphygmomanometer to measure blood pressure
or aventilator to help a patient breath.

« Lithotripsy using laser
» Biopsy using Watson capsule
Role: Device Setting
« Specific settings for adevice used to perform a procedure, such as
* Oxygen therapy, O2 Flow Rate 5to 12 L/min.
« Electrode setting for electro-surgery 12 watts
Role: Family Member

» Bloodrelative of the patient, such asmother, maternal grandfather. Thisinformationisusedtoidentify
which family member(s) have a history of certain phenomena.

» Maternal pyrexia
* Drug misuse by father
Role: Informer
« Person reporting/documenting an action result or giving information about the patient.
« Patient medical history reported by spouse
 Bedside blood sugar measurement reported by nurse

Role: Performer
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 Person performing an action
 Blood pressure measurement taken by physician

« Diabetes education given by dietician
11.2.6.5. Encoded Statements
11.2.6.5.1. Procedures

11.2.6.5.2. Finding, Observation, and Phenomenon

11.2.6.6. Statement Models

Analysis normal form and clinical input form

11.2.7. Validation

1. To provide a validation framework for inter-modeler reliability when applied in the field.

2. To provide information on how clinical statements will be modeled for the KBS Clinical Decision

Support (CDS) Knowledge Artifact (KNART) project. Once the models are approved, model slots
bound to terminologies will be identified for subsequent terminology binding definitions proposed by
the VA Terminology Team. Modeling of clinical statements outside of the CDS KNART project is
currently beyond the scope of this effort.

These modeling guidelines were derived from several documented use cases. The main goal of this
effort is to provide a reproducible and a principled approach to the formal capture of clinical knowl-
edge within Information Models and their references to underlying Terminology Models. Currently,
the proposal and examples are independent of any specific terminology.

These guidelines will be distributed to a variety of participants to contribute to a modeling exercise.
After having read the guidelines, participants will be asked to access a survey where they will view a
number of clinical statementsand indicate how they would model them. When attempting the modeling
exercise, it will beimportant to model per the guidelines specified in this document regardless of how
existing terminologies, such as SNOMED-CT, may model these concepts. In the future, an exercise
to reconcile approaches may be conducted but is out-of-scope at thistime.
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12. Analysis Normal Form Statements

The goals of Analysis Normal Form (ANF) are to enable analysts to understand the data and how it is
stored in lieu of having to teach them about the thousands of ways data can be entered (i.e., CIF), and to
ensure the data we need expressed can be expressed in an operable, scalable way. The more normalized
the data, the simpler it is to analyze reducing the likelihood of analysis errors. The probability of patient
safety risks increases greatly without the ANF. Examples of problems that can occur are:

* Aninability to determine that two clinical statements are equivalent

« Taking two 250 mg acetaminophen tablets is the same as taking one 500 mg tablet but the analyst
only queriesfor one of the statements, not both.

* Presence of dot blot hemorrhage and 2 dot blot hemorrhages observed are equal in regard to presence
and absence but the analyst queries only for presence vs. a quantitative finding of dot blot hemor-
rhages.

» Aninability to express something that is clinically significant

* Wemay not be ableto express chest pain on inspiration, which can beasign of pleurisy. The ability to
differentiate cardiac chest pain from other types of chest pain isclinically important. An example of
something that needsto be represented is chest pain that worsens when you breathe, cough, or sneeze.

* Anerorismadein recording or in querying arepository for clinical statements

¢ On Octaber 1, 2016, a provider enters amedication order for acetaminophen 250 mg for a patient to
take 1 tablet twice daily for 2 days starting October 1, 2016

* CIF: Provider enters the medication order

* ANF: Anayst creates a CDSrule to identify all patients ordered acetaminophen during the period
September 1 — December 31, 2016. However, while the analyst creates a query to search for a
clinical statement (i.e., Request) where acetaminophen was the direct substance and was ordered
during the period September 1 — December 31, 2016, the analyst did not include a Reguest topic
of “Administration of drug or medication PO BID for pain.” Thus, the medication order would not
be included in the query results.

A. ANF Clinical Statements Represent the Minimum Disjoint Set: ANF clinical statements represent
the minimum digjoint set of statement topic, result, and details and may not be further specified.

B. ANF Classes Cleanly Separ ate Concer ns: ANF classes must cleanly separate the concerns of concept
definition and the concerns of domain models.

* NOTE: Need to define the domain model sthoroughly here. The strawman description isthat domain
models use concept definitions as a building block to define non-defining relationships or associa-
tions between concepts. The domain model represents cardinality, optionality, and other constraints.

« Example: Laterality should be a concern of either the concept definition or the domain model,
but not both. We can relax this principle for the Clinical Input Form (CIF) but for ANF we need
aclean and invariant separation of concerns.

* NOTE: Need to determine better names for “concept definition” and “domain models.”
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12.1. Clinical Statements

A clinical statement represents an entry in the patient record that documents clinical information:

« about a subject of information, such as a patient or arelative of the patient

» that is asserted and recorded by a particular source, such asaclinician

* inastructured/computable manner

Clinicians typically enter information into an EHR in a certain manner: the clinical input form (CIF) The
CIFisnot aliteral “form”. It refers to the manner in which information is presented to the clinicians and

how they enter the data, e.g.

* by constraining the information to allow only certain values to be entered, such as through a drop-down
list or radio button

* breaking up large chunks of related information into smaller parts like in medication orders

12.1.1. Principles

» Proposed Principle 1: There are two types of clinical statements:

» Performance of action, which include passive observation of a phenomenon related to patients and
their health status or family history, and active interventions, such as providing education or admin-
istering medications.

¢ Request for action, which may include passive observation of a phenomenon related to patients
and their health status or family history, and active interventions, such as providing education or
administering medications.

» Proposed Principle 2: Both types of clinical statements consist of topics and circumstances

» Proposed Principle 3: Each clinical statement can have only one topic and multiple circumstances
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12.2. Clinical Statement Decision Tree

12.3. Clinical Statement Components

Table 12.1. Example Clinical Statement M odel

Clinical Statement

Narrative:

Statement type:
Subject of info:
Mode:

Authors:
Action topic:

Circumstance:

Associations:

Stamp
coordinate:

Statement id:

ID:

Ibuprofen 400 mg tablet oral every 6 hours as needed for back pain; may increase dose
frequency to one tablet every 4 hours

[Request]

[410604004 |Subject of record)]

[ Template]

[223366009|Healthcare professional]

[Procedure] -
#(260686004| Method)#] 129445006|Administration - action]
#(363701004| Direct substance)#{ 197805|1 buprofen 400 MG Oral Tablet]
#(410675002| Route of administration)#[ 260548002|Oral]

Request Circumstance

Timing: [ 2007- 04- 05T14: 30Z, 2007- 04- 05T15: 00Z] +P5M[ISO
8601]

Purposes: [161891005 |Backache (finding)]
Triggers. @ associate statement backache present
Participants. [410604004 |Subject of record)]
Priority: [50811001 |Routine (qualifier value)]

Repetitions: Repetition

Start: Anytime, as needed
Duration: 24 hours
Frequency: 4-6 hours
Maximum: &
Duration: @

Result: 4

Statement time:

%]
[ 2007- 04- 05T14: 30Z, 2007-04-05T15: 00Z] +P5M[1S0 8601]
[ SOLOR Modul€], [ Release Path], 2007-04-05T14:30Z

a3b46565-f8cd-4354-b4b6-3dff42d33496

Subject of record @
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12.3.1. Statement Identifier

The UUID isthe means by which all clinical statements requiring unique identifiers are identified.

12.3.2. Mode

Needs clarification

12.3.3. STAMP coordinate

[SOLOR Modul€], [Release Path], [Date/Timein SO 8601 Standard Format]

12.3.4. Narrative

The clinical statement as a whole, e.g. “Ibuprofen 400 mg tablet oral every 6 hours as needed for back
pain; may increase dose frequency to one tablet every 4 hours’

12.3.5. Statement time

Time when the statement was documented in 1SO 8601 Date/Time Standard Format

12.3.6. Subject of Record Identifier

UUID identifier for the subject of record.
12.3.7. Statement Authors

Figure 12.1. Participant

Participant

getParticipantRole() LogicalExpression
getParticipantld() Optional<UUID>

Optional list of participants, e.g. “Healthcare professional”, “Nurse”
12.3.8. Participant Role

Optional role for participants, e.g. “Requester”.
12.3.9. Participant ldentifier

Optional. UUID Identifier for the participant.

12.3.10. Subject of Information

Subject of Information is used to expressWHO theclinical statement is about, e.g. the patient or afamily
member.
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12.3.11. Statement Type

Statement Type distinguishes between a performance (“ performed”) and arequest (“requested”). Perfor-
mances may be observational performances, e.g. the observation of a clinical finding or disorder being
present or absent. They can also be statements of a procedure or intervention, which has been performed on
the subject of record in the past, e.g. “ 12-lead electrocardiogram” . Performances can —but do not haveto—
include quantitative or qualitative results, e.g. “ 3 dot blot hemorrhages’ or “Hepatitis A antibody positive”.

12.3.12. Topic

Thetopicistheexpression of WHAT isbeing requested or what was performed. For both clinical statement
types (request or performance) a pre-coordinated or post-coordinated SOLOR “procedure” concept as a
logical expression is required to sufficiently capture the action, which is either requested or performed.

Requestsfor actions are aways procedures or interventions:
* Stress echocardiogram

e Administration of Aspirin 81 mg oral tablet

» Systolic blood pressure measurement

Performances of actions can be performed procedures like the examples above. They can aso be obser-
vational procedures, describing the absence or presence of clinical findings or disorders. In these cases,
the observation action of the clinical findings and disorders is performed:

» Observation of congestive heart failure

* Observation of history of malignant neoplasm of bone

* Observation of numbness of left arm

» Observation of history of cognitive behavioral therapy

Thetopic isthe central component of clinical statements.

» Thetopic defines the action being performed or requested.

» Thetopic hasto be ableto exist on its own yet still retain original intent and clarity of meaning.

» Thetopic includes what is being requested, measured or observed.

12.3.13. Circumstance

Figure 12.2. Circumstance, including request, performance, and unstructured

Circumstance
getTiming() Measure
getPurposes() List<LogicalExpression>
RequestCircumstance PerformanceCircumstance UnstructuredCircumstance
getConditionalTriggers() List<StatementAssociation> getResult() Result getUnstructuredText() String
getRequestedParticipants() List<Participant> getPerformanceParticipants() List<Participant>
getPriority() LogicalExpression

getRepetitions() List<Repetition>

getRequestedResult() Result
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Circumstances can describe HOW, WHY and WHEN a requested or performed action will be or was
carried out. Requests and performances have some shared circumstances:

» Timing: WHEN a requested action should be performed or WHEN an observed finding or disorder
was present or absent.

o Examples:
» Cardiology Consult in 2 weeks
* Breast cancer screening 3 months ago
e Purpose: WHY an action was requested or performed
* Examples:
 Echocardiogram to evaluate arrhythmia

» Education about allergens for anaphylaxis management Other circumstances are specific to re-
quests or performances.

12.3.13.1. Request Circumstance

Figure 12.3. Request circumstance

RequestCircumstance

getConditionalTriggers() List<StatementAssociation>
getRequestedParticipants() List<Participant>
getPriority() LogicalExpression
getRepetitions() List<Repetition>
getRequestedResult() Result

Request circumstance further specify HOW a requested action is to be performed, e.g. how often, how
long or with which category of priority.

12.3.13.1.1. Conditional Triggers

Needs clarification

12.3.13.1.2. Requested Participants

Requested participants can be either specific persons or roles who perform an action, assist in performing
an action or are targets of an action. Examples:

» Cardiology consultation with Chief Cardiologist
» Smoking cessation education with patient and patient’ s spouse
12.3.13.1.3. Priority

Expresses the priority with which a reguested action hasto be carried out, e.g. “routing” or “stat”.
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12.3.13.1.4. Repetitions

Figure 12.4. Repetition

Repetition
getPeriodStart() Measure
getPeriodDuration() Measure
getEventFrequency() Measure
getEventMaximum() Measure
getEventDuration() Measure

If an action is requested for more than a single occurrence, the repetition allows to specify:

» When the repeated action should begin (PeriodStart), eg. 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
e Maximal number of occurrences (EventMaximum), e.g. 10 times
» How long every occurrence should last (EventDuration), e.g. for 5 minutes
12.3.13.1.5. Requested Result
A patient goal to be achieved or arequest for action further specified or quantified.
Examples:

Narrative: Administration of Metoprolol tartrate 50 mg oral daily 2 timesto lower systolic blood pressure
to <130 mmHg

Narrative: Diltiazem 30 mg, one tablet oral daily 4 times
12.3.13.2. Performance Circumstance

Figure 12.5. Performance

PerformanceCircumstance

getResult() Result

getPerformanceParticipants() List<Participant>

12.3.13.2.1. Result
Result of diagnostic or observational procedures
Examples:
Narrative: Systolic blood pressure 120 mmHg

Narrative: Body weight 165 pounds
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12.3.13.2.2. Performance Participants

Participants in performing the action, e.g. technician, nurse
12.3.13.3. Unstructured Circumstance

12.3.13.3.1. Unstructured Text

12.3.14. Statement Associations

Figure 12.6. Statement Association

StatementAssociation

getAssociationSemantic() LogicalExpression

getAssociatedStatementld() UuiD

12.3.14.1. Association Semantic

12.3.14.2. Associated Statement ID

12.4. ANF Modeling Guidelines
12.4.1. Introduction

The purpose of this section is to describe editorial guidelines for modeling terminology artifacts used
to express the content of Knowledge Artifacts (KNARTS), e.g. Documentation Templates, Consultation
Requests and Order Sets, in a computer readable form. This section will attempt to outline background
information related to terminology modelsfor KNARTsaswell as provide modeling guidelines necessary
for encoding clinical statements. Thisis aworking draft document and subject to change.

12.4.2. Background

Knowledge Artifactsare computabl e representations of Clinical Decision Support (CDS) knowledge. They
consist of clinical statements and orders within a framework of structured clinical documentation. Ter-
minology artifacts in this context are developed to represent the clinical assertions and their values and
are composed of standard clinical terminologies. The prioritized terminologies for the representation are
SOL OR terminologies (SNOMED CT, LOINC and RxNorm) in alignment with the recommendations and
requirements by the Office of the National Coordinator for Health Information Technology (ONC) and the
VA —Department of Defense (DoD) Interagency Program Office (1PO). This section will describe each of
the terminology artifact components and provide guidelines for modeling the val ues of these components.
These guidelines are under development and remain subject to change as a result of the need to develop
a consistent terminology model and coding strategy.

12.4.3. KNART Types and Structure

Four types of KNARTSs have been developed for the VA KNART Project:

» Documentation Template
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» Order Set
» Consultation Request
» Event Condition Action (ECA) Rule

The clinical content of each KNART is specific to clinical domains and prioritized areas of focus within
the domains.

Example:

» Domain: Cardiology includes
¢ Chest Pain/Coronary Artery Disease
 Atria Fibrillation
e VTE Prophylaxis

The“Composite KNART” for each of the clinical focus areas above is comprised of at least the documen-
tation template, the order set and the consultation request. Many, but not all Composite KNARTSs also
have ECA rules.

12.4.4. Documentation Templates

Documentation templates are created to document clinical information about patients, such as History and
Physical, and treatment provided in the past aswell as past results from lab tests, imaging procedures and
other diagnostic studies. In many cases, the clinical information captured here is associated with either a
defined timeframe, e.g. diagnostic studies withinthe past year, or amore undefined timeframe, e.g. history
of prior cardiac evaluations.

12.4.5. Order Sets

Order sets are used to document requests for diagnostic or therapeutic procedures for the patient. As such,
these requested procedures will occur at a future time.

Common categories for the ordered procedures include:
» Administration/Prescription/Dispensing of medications

* Imaging procedures

Electrophysiology procedures

» Therapies

 Laboratory procedures

 Education procedures

The requested procedures may a so include additional information, e.g.
» Timing, e.g. when the action should be performed

 Specific instructions for the procedures

* Priorities
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» Frequencies

12.4.6. Consultation Request

Consult Requests are often relatively short KNARTS, which include
» Reason for Consult, e.g. chest pain

» Consult Specialty, e.g. cardiology

* Priority, e.g. Routine

» Referring Physician

 Referring Physician Contact Information

12.4.7. ECA Rule

ECA Rulesareused in Clinical Decision Support to trigger adefined action after adistinct event occurred.
Example: Notify clinician if 1aboratory test result with “abnormal” flag has been received.

12.5. Terminology Service Request (TSR)

12.6

The clinical statements within a KNART, which have to be captured by standard terminologies using a
number of codes from e.g., SNOMED CT, RxNorm or LOINC are represented in Terminology Service
Requests (TSRs). One TSR contains a variable number of Instance Requests (IRs), each of which repre-
sentsasingleclinical statement. The format used to assemble and encodea TSR isaM S Excel spreadsheet
template.

The example below shows orders as they potentially appear in a KNART:

Figure 12.7. Order Example (Cardiology Order Set)

[Section Selection Behavior: More than one may be selected. Optional]

» [resting 12-lead electrocardiogram to evaluate chest pain (routine)

« [x-ray chest to evaluate chest pain(routine)|

The order from the KNART above appears in the TSR as an Instance Request:

Figure 12.8. Order Set Instance Request in TSR Template

A B f B
Instance Request Textual Representation resting 12-lead electrocardiogram to evaluate chest
pain (routine)

1

Terminology Modeling Guidelines

The request and performance clinical statement types as described in the ANF Model and Guidelines
section of this document have a number of shared components. Other components are specific to the
statement type. Thefollowing sectionswill define theterminology modeling principlesfor each component
in detail. The choice of logical expressionsto usefor each component isnot always straightforward, and the
terms in the SOLOR terminologies are not always unambiguous in their ssmantic meaning. In situations

180



Draft Analysis Normal Form Statements Draft

where there may be more than one choice or more than one way to code a clinical statement or one of
its components, it isimportant to ensure consistency of modeling approaches across clinical domains and
clinical statements.

The following chapters describe the terminology modeling guidelines based on the current ANF model
and the current TSR template fields. The TSR template has two tabs for Instance Reguests (IRs). One tab
“request” contains IRs for requested actions, one tab “performance”’ contains IRs for performed actions.
Both tabs have a number of fieldsin common. Some fields are different and unique to the specific type
of IR.

12.6.1. Instance Request (Request and Performance)

Represents the clinical statement to be modeled.

12.6.2. statementID (Request and Performance)

Not for modeling. ID will be assigned by KNART developers.

12.6.3. statementType (Request and Performance)
Format: Logical Expression
Terminology: SNOMED CT

Coding: Either “ 385644000 |[Requested (qualifier value)|” for request IRs or “ 398166005 |Performed (qual-
ifier value)|” for performance IRs

12.6.4. METADATA: model fit (Request and Performance)

Currently not in use.

12.6.5. METADATA: model fit comments (Request and
Performance)

Currently not in use.

12.6.6. subjectOfiInformation (Request and Performance)
Format: Logical Expression
Terminology: SNOMED CT

Subject of information isin most cases the patient: 410604004 |Subject of record (person)|. However, if
theinformation is about, e.g. the patient’s mother or another family member, it is not the patient.

Examples: 72705000 [Mother (person)|, 303071001 |Person in the family (person)|

12.6.7. topic (Request and Performance)

The topic field represents what is being requested or has been performed. Although both request and
performance IRs share thisfield, the handling is different to a certain extent.

Format: Logical Expression
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Terminology: SOLOR

The actual coding of the topic depends on the procedure requested or performed. Generally, pre-coordi-
nated or post-coordinated expressions are used. Post-coordinated expressions can be* hybrids’ and include
terms from different terminology standards (See Medication example below).

The pre-coordinated or post-coordinated expressionsin the topic field are ALWAY S procedures.

12.6.8. Medication (Request and Performance)

Currently, medications are interpreted as the administration of a medication, not the prescription. The ad-
ministration can be either requested or documented as being done. Therefore, all medications are post-co-
ordinated based on the SCT “416118004 |Administration (procedure)” concept. To capture the drug itself,
RxNorm codes are used. The specific RxNorm codes depend on the specificity of the IR. Attribute/value
pairs needed to fully post-coordinate the expression are SCT concepts.

Example I nstance Request:
Naproxen sodium 550 mg tablet oral every 12 hours as needed for back pain 100 tablets 2 refills

Post-coordinated expression with conceptual graph 1 syntax:

[416112004 |Administration (procedure)]
> (260686004 |Method (attribute))->[129445006 |Administration - action (gualifier wvalue)]
—> (363701004 |Direct substance (attribute))->[Ex;849431 Naproxen sodium 550 MG Oral Tablet]
—=> (410675002 |Route of administration (attribute))->[260548002 |Cral (gualifier walue)]

Coding guidelines for dosage, frequency, total number of tablets and refills etc. will be discussed in later
sections. This detailed information is typically only included in medication requests, while performances
typically only document that the medication has been taken as a“History of....” Statement.

Notes:

1. The IR is specific enough regarding strength and dose form. Therefore, the RxNorm SCD code can
be applied

Figure 12.9. RxNorm SCD Code

SCD/GPCK

] EJ Naproxen sodium 550 MG Oral Tablet

2. Other medication requests or performances are less specific. The IR might only state “ Aspirin tablet”.
In these cases, the RxNorm SCDG codes are used:

Figure 12.10. RxNorm SCDG Code
SCDG Clinical Dose Form Group
. EJ Aspirin Pill

3. If the IR states a class of drugs, e.g. “Glucocorticoids’, the coding approach is cascaded:

1 https://en.wikipedia.org/wiki/Conceptual_graph#Graph-based_knowledge representation_and_reasoning_model
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_, First choice: SNOMED CT concept from the “product” hierarchy
_, Second choice: NDF-RT code

4. “Route of administration - oral” isincluded in the post-coordinated expression. Although the RxNorm
code includes “oral tablet” it does not sufficiently capture that this tablet is administered orally.

5. The “Rx;” prefix for the RxNorm code in the post-coordinated expression indicated the terminology
standard. Current modeling guideline: All conceptsare SNOMED CT concepts, unless otherwise stated.

6. The IR example states: Naproxen sodium 550 mg tablet oral every 12 hours as needed for back pain
100 tablets 2 refills. Although it is not explicitly stated, the currently agreed upon policy isto interpret
thisas: 1 tablet at atime.

12.6.9. Non-Medication Procedures (Request and Perfor-
mance)

Other procedures in the “topic” field, e.g. diagnostic procedures, therapeutic procedures, consults or ob-
servational procedures are coded as pre-coordinated or post-coordinated expressions using SNOMED CT
concepts.

For IRs (either request or performance) a“simple” procedure, e.g. “ Echocardiogram”, entering the proce-
dure code “ 40701008 |Echocardiography (procedure)|” in the topic field sufficiently capturesthe IR.

For more complex IRs, particularly where body sites or lateralities are included, some principlesto ensure
consistency in the modeling must be applied.

1. Always post-coordinate when “laterality” isinvolved

» There are many pre-coordinated SCT concepts, which include body site and laterality, e.g.
“ 1451000087102 |Computed tomography of right lower limb (procedure)|”, but not all body sitesin
SCT arelateralized.

e To achieve consistency in the modeling approach, instead of using the pre-coordinated concept
above, post-coordinate the body structure and the laterality as shown below:

[241570001 |Computed tomography of lower limb (procedure)]-
->(363704007 |Procedure site (attribute))

->[61685007 |Lower limb structure (body structure)]- ->(272741003 |Laterality (at-
tribute))->[ 24028007 |Right (qualifier value)];

2. For IRswithout involving laterality, the choice for coding the topic is cascaded:
a. 1st choice: existing pre-coordinated concept

b. 2nd choice: post-coordinated expression, using existing concepts within the constraints of the con-
cept model

¢. 3rd choice: post-coordinated expression, using existing concepts outside the constraints of the con-
cept model, after discussion and approval

d. 4th choice: new SCT HSPC SOLOR extension precoordinated concept, after discussion and ap-
proval; use generated UUID until the concept is created
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12.6.10. Observational Procedures (Performance)

In the “performance” tab of TSRs, many of the IRs pertain to the documentation of findings or disorders.
These are “observational” procedures, often documented within “history and physical” sections of docu-
mentation templaWeaktes, which describe the presence or absence of afinding or disorder.

This category of IRs is aways captured as a post-coordinated expression in the topic field.
Example IR: Weakness of neck

Post-coordination:

[2a99T7cc03-3299-40eb-833a-63T74c7750a3a |OCbservation procedure (procedure)]
—-> (363702006 |Has focus (attribute))->[2495%31001 |Weakness of neck (finding)]

Example IR: Right arm pain

Post-coordination:

[299T7cc03-3e99-40eb-833a-63T4c7750a3a |Chservation procedure (procedure)]-

->(363702006 |Has focus (attribute))->[22253000 |Pain (finding)]-
->» (363698007 |Finding =site (attribute))->[53120007 |Upper limb structure (body structure)]-
-> (272741003 |Laterality (attribute))->[24028007 |Right (gualifier wvalue)]:

12.6.11. Unstructured (Request and Performance)

Format: Plain text

Currently used to capture textual information for which there is no model at thistime.
12.6.12. statementAssociation.semantic (Request and
Performance)

Format: Logical Expression

Terminology: TBD Currently not in use
12.6.13. statementAssociation.statementld (Request and
Performance)

For use by KNART developers.

12.6.14. Timing (Request and Performance)

The “timing” circumstance has six components:
1. timing.lowerBound
Format: Number (“float”)

2. timing.upperBound
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Format: Number (“float”)
3. timing.includelL owerBound
Format: TRUE or FALSE (“Boolean”)
4. timing.includeUpperBound
Format: TRUE or FALSE (“Boolean”)
5. timing.resolution (optional)
Format: Number (“float”)
6. timing.measureSemantic
Format: SO 8601 Date/Time Format
Timing is used to capture atime or time range for
* Requestsfor action at afuture time
» Performance of action, which has taken place in the past (including “History of X....)

The timing is aways expressed as atime or time range relative to the statement time, using the SO 8601
Date/Time Standard format®.

If the actual time or time range is not specified in the IR, the following expressions are used:
» 1S0O 8601 prior to statement time
» 1S0O 8601 following statement time

If the time or time range is specified in the IR, the expression also follows the SO 8601 Standard, using
the appropriate prefixes for periods of time:

» Pfor period

* M for months

* W for weeks

* Y for years

Using additional fieldsin the timing circumstance, depends upon the degree of specificity within the IR.

Example (unspecific): History of breast cancer

Table 12.2. Timing - unspecific

timing.lowerBound 1
timing.upperBound inf
timing.includeL owerBound TRUE

2 https://en.wikipedia.org/wiki/ISO_8601
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timing.includeUpperBound FALSE

timing.resolution

timing.measureSemantic SO 8601 prior to statement time
ThelR implies:

 Breast cancer was present in the patient’ s history = timing.lowerBound = 1

» No time range specified = timing.upperBound = inf (infinite)

» Therewasat least 1 instance = timing.includeL owerBound = TRUE

 “upper bound” isinfinite = timing.includeUpperBound = FALSE (“inf” is never included!)
* IR does not specify units of time, e.g. years, months = timing.resolution = blank

Note: The expression of “present” could also be correctly indicated using
timing.lowerBound =0

timing.includeL owerBound = FALSE

Not including “0" also expresses that there hasto be at least “1”. However, it is the current agreed policy
to usethe“ UTRUE" option.

Example (specific range): Anticonvulsant therapy greater than 2 years

Table 12.3. Timing - specific range

timing.lowerBound 24M

timing.upperBound inf

timing.includeL owerBound FALSE
timing.includeUpperBound FALSE

timing.resolution M

timing.measureSemantic SO 8601 prior to statement time

The IR expresses:

» Anticonvulsant therapy for more than 2 years (24 months) was present in the patient’s history =
timing.lowerBound = 24M

* No upper time limit specified = timing.upperBound = inf (infinite)
» There was anticonvulsant therapy for more than 24 months = timing.includeUpperBound = FALSE
» Timing.measureSemantic = 1SO 8601 prior to statement time
o timing.resolution field:
» Thisfield isoptional, but if atime or time range is specified, the resolution has to be specified.

e The use depends on the desired granularity of the time increments
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» Some of the reasoning about how to use these fields depends on the clinical relevance.

Example (specific date): Completed Appointed on March 12 2018 with Cardiology

Table 12.4. Timing - specific date

timing.lowerBound 2018-03-19T12:01
timing.upperBound 2018-03-19T723:59
timing.includeL owerBound TRUE
timing.includeUpperBound TRUE

timing.resolution

timing.measureSemantic SO 8601

Note: 1SO 8601 uses the 24 hour standard for time of day.

12.6.15. Purpose (Request and Performance)
Format: Logical Expression
Terminology: SNOMED CT

The* purpose” field isused to capture WHY aprocedure was requested or performed in a post-coordinated
expression, based on two possible procedures:

Evaluation procedure: 386053000 |Eval uation procedure (procedure)|
Therapeutic procedure: 277132007 |Therapeutic procedure (procedure)|

The procedure is refined by post-coordinating with a “ 363702006 [Has focus (attribute) | attribute and
identifying afinding/disorder or procedure concept as the value for the attribute.

Example IR: Resting 12-lead electrocardiogram to evaluate for arrhythmia

[326053000 |Evaluation procedure (procedure)]
-»(363702006 |Has focus (attribute))->[ 698247007 |Cardiac arrhythmia (disorder)]

Example IR: Naproxen sodium 550 mg tablet oral every 12 hours as needed for back pain 100 tablets 2
refills

[27T7132007 |Therapeutic procedure (procedure)]
->» (363702006 |Has focus (attribute))->[1lel8%1005 |Backache (finding)]

IRs can have more than one purpose.

12.6.16. requestedResult (Request and Performance)

The “requestedResult” circumstance has eight components:

1. requestedResult.lowerBound
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Format: Number (“float”)
2. requestedResult.upperBound
Format: Number (“float”)
3. requestedResult.includel owerBound
Format: TRUE or FALSE (“Boolean”)
4. requestedResult.includeUpperBound
Format: TRUE or FALSE (“Boolean”)
5. requestedResult.resolution (optional)
Format: Number (“float™)
6. requestedResult.measureSemantic
Format: Logical Expression
7. requestedResult.healthRisk
Format: Logical Expression
8. requestedResult.status

Format: Logical Expression

The “requestedResult” fields 1 — 6 above are used to capture IRs, which

» enumerate what is being requested, e.g. Administration of a medication 1 tablet at atime

 gspecify the intended outcome of an action, e.g. Administration of Metoprolol to achieve systolic BP

<130 mmHg

Example IR: Metoprolol tartrate 50 mg tablet oral daily 2 times

Table 12.5. requestedResult -Example 1

reguestedResult.lowerBound 1
requestedResult.upperBound 1
requestedResult.includel owerBound TRUE
reguestedResult.includeUpperBound TRUE

reguestedResult.resolution

requestedResult.measureSemantic

421026006 |Oral tablet (qualifier value)|

Note: This should not be confused with “frequency”. Although not stated explicitly, it is understood that

the IR states: ONE tablet, twice aday.

Example IR: Acetaminophen 325 mg tablet oral two tablets every 6 hours
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Table 12.6. requestedResult -Example 2

reguestedResult.lowerBound 2

requestedResult.upperBound 2

reguestedResult.includel owerBound TRUE
reguestedResult.includeUpperBound TRUE

reguestedResult.resolution

reguestedResult. measureSemantic 421026006 |Oral tablet (qualifier value)|

12.6.17. conditionalTrigger (Request)
Format: Logical Expression
Terminology: TBD

Currently not in use.

12.6.18. conditionalTrigger.statementld (Request)

UUID asidentifier for the conditional Trigger statement.

12.6.19. Priority (Request)

Format: Logica
Expression Terminology: SNOMED CT

The priority field captures the standard priorities associated with a request for action, e.g. stat, routine

12.6.20. repetition.period (Request)

The “repetition.period” has twelve components. Six components for the repetition period start and six
components for the repetition period duration. The fields are used to capture WHEN a repeated action
should start and HOW LONG the requested action should be repeated.
1. repetition.periodStart.lowerBound
Format: Number (“float”)
2. repetition.periodStart.upperBound
Format: Number (“float”)
3. repetition.periodStart.includel owerBound
Format: TRUE or FALSE (“Boolean”)
4. repetition.periodStart.includeUpperBound

Format: TRUE or FALSE (“Boolean”)

5. repetition.periodStart.resolution (optional)
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Format: Number (“float”)
6. repetition.periodStart.measureSemantic
Format: Logical Expression
12.6.21. repetition.period components

Example IR: Naproxen sodium 550 mg tablet oral every 12 hours as needed for back pain

Table 12.7. repetition.period Example

repetition.periodStart.lowerBound [NOW,NOW] relative to statement time

repetition.periodStart.upperBound

repetition.periodStart.includeL owerBound

repetition.periodStart.includeUpperBound

repetition.periodStart.resol ution

repetition.periodStart. measureSemantic

repetition.periodDuration.lowerBound 1

repetition.periodDuration.upperBound inf

repetition.periodDuration.includel owerBound TRUE

repetition.periodDuration.includeUpperBound FALSE

repetition.periodDuration.resolution 1

repetition.periodDuration.measureSemantic 258703001 |[day (qualifier value)|

If the IR does not explicitly state aperiod start time, the default entry inthisfield is“[NOW,NOW] relative

to statement time”.

Note: “[NOW,NOW]" is not to be confused with priority “stat”. The “NOW"” is simply used where there

isnot a specified time, e.g. 1 week from now.

If arepetition period start/stop time is specified, the “upper/lower bound” components and the measure-

Semantic are used asin al other timing related circumstances.

12.6.22. repetition.periodDuration components

Every repetition has a duration, even if it is not explicitly stated in the IR. In the example above, the IR
states a frequency (every 12 hours), but not a duration. In these cases it is understood that the duration
is “infinite”. The same understanding is true for IR statements described as “daily”. The “upper/lower
bound” components and the “measure.semantic” are used in the same way asin all other timing related

circumstances.

Note: The“repetition.periodDuration” fieldsare currently also used to capture numbers of tablets (or other
units) and number of refills, if these are stated in the IR. The tablets/refills are used to calculate how long

the administration period can be.
Example IR: Aspirin 81 mg oral tablet daily as needed, 30 tablets, 3 refills

30 tablets + 3 refills = 120 tablets
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1 tablet/day = 120 days

Table12.8.

repetition.periodDuration.|lowerBound 1
repetition.periodDuration.upperBound 120
repetition.periodDuration.includel owerBound TRUE
repetition.periodDuration.includeUpperBound TRUE
repetition.periodDuration.resolution 1

repetition.periodDuration.measureSemantic

258703001 |[day (qualifier value)|

12.6.23. repetition.eventFrequency (Request)

This circumstance is used to capture the requested frequency of any repeated action, e.g. 3 times/day,

once/week.

The “repetition.eventFrequency” circumstance has six components.

1. repetition.eventFrequency.lowerBound
Format: Number (“float”)

2. repetition.eventFrequency.upperBound
Format: Number (“float”)

3. repetition.eventFrequency.includelL owerBound
Format: TRUE or FALSE (“Boolean”)

4. repetition.eventFrequency.includeUpperBound
Format: TRUE or FALSE (“Boolean”)

5. repetition.eventFrequency.resolution (optional)
Format: Number (“float”)

6. repetition.eventFrequency.measureSemantic

Format: Logical Expression

Example IR: Naproxen 550mg tablet oral every 12 hours

Table 12.9. repetition.eventFrequency - Example 1

repetition.eventFrequency.lowerBound 12
repetition.eventFrequency.upperBound 12
repetition.eventFrequency.includel owerBound TRUE
repetition.eventFrequency.includeUpperBound TRUE

repetition.eventFrequency.resol ution

repetition.eventFrequency.measureSemantic

258702006 [hour (qualifier value)|
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ExamplelR: Ibuprofen 400 mg tablet oral every 6 hours; may increase dose frequency to onetablet every

4 hours

Table 12.10. repetition.eventFrequency - Example 2

repetition.eventFrequency.lowerBound 4
repetition.eventFrequency.upperBound 6
repetition.eventFrequency.includel owerBound TRUE
repetition.eventFrequency.includeUpperBound TRUE

repetition.eventFrequency.resolution

repetition.eventFrequency.measureSemantic

258702006 [hour (qualifier value)|

The “upper/lower bound” components and the measureSemantic are used as in all other timing related

circumstances.

12.6.24. repetition.eventSeparation (Request)

Currently not in use.

12.6.25. repetition.eventDuration (Request)

This circumstance will be used to capture, HOW LONG each requested event should last, e.g. “Physical

therapy 3 times per week for 1 hour.

Currently not in use.
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13. Clinical Input Form Statements

13.2

A clinical statement represents an entry in the patient record that documents in a structured/computable
manner clinical information about a subject of information, such as a patient or a relative of the patient,
and that is asserted by a particular source, recorded, and potentially verified.

Clinicians author clinical statements and enter them into their organization’s electronic health record
(EHR). Clinicians typically enter the information via a manner that we call here the clinical input form
(CIF). However, the CIF is not a literal form that clinicians select and enter data in. Rather, it refers to
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, such as through a drop-down list
or radio button, or breaking up large chunks of related information into smaller parts. For example, when
aclinician orders a medication, rather than selecting this information all at once with a single item, they
will choose the various parts of the medication order, such as:

 Kind of drug and strength (e.g., Acetaminophen 150 mg)

» Amount and how often the patient should take the medication (e.g., 1 tablet twice daily)
e Duration (2 days)

» Any constraints (e.g., do not exceed atotal daily dosage of 600 mg)

Idedlly, the way the information is presented to clinicians is in a manner that is most efficient for the
clinicians to use. However, what is an efficient way for clinicians to select and enter data may not be the
most efficient way for data analysts to use when they are querying data once it has been normalized and
stored in a database, such as when creating a new-CDS rule or compiling prevalence statistics. For this,
the datais normalized using the analysis normal form (ANF) and stored in a database. Again, the ANF is
not necessarily a physical structure, but is how a data analyst might see the data when they are looking at
it in adatabase, and not as clinicians would see it in the user interface (i.e., CIF).

As aforward to this discussion it is necessary to provide some historical background about the Clinical
Information Modeling Initiative(CIMI) model. The CIMI working group crested a reference model with
no working knowledge of a division between analysis normal form and clinical input form. The model
they created was developed along standard lines of informatics thinking and thus ended up being a CIF
model because CIF models are the norm in informatics. Thus, CIMI simply called this model the CIMI
model. But now to distinquish it from the ANF model being proposed to CIMI, we will call the current
CIMI model, the CIMI CIF model.

Basics of the CIMI Clinical Input Form

The CIMI CIF Modd consists of two layers as shown in Figure 13.1, “CIMI CIF Model Layers’. A
reference model layer that definesthe structural classes and named attributes, and a constraint layer which
constrains these structural attributes by value, subtype, cardinality, and terminology. The basic modeling
rulethat CIMI CIFfollowsis: new named attributes are added in the Reference Layer and the constraining
of existing attributes occursin the Constraint Layer.

The CIMI CIF Reference Model layer is authored using Unified Modeling Language (UML). These class
definitions may be viewed at http://models.opencimi.org/cimi_doc/.
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Figure 13.1. CIMI CIF Model Layers

Reference Layer Constraint Layer
UML
EMM Constraing ADL

The constraint layer is described using Archetype Definition Language (ADL). ADL isaformal language
with atextua syntax for describing constraints on the classes described in the reference layer. A re-us-
able formal constraint model defined in ADL is called an Archetype. The full collection of CIMI CIF
Archetypes may be viewed at http://models.opencimi.org.

One complexity that needsto be addressed hereisthat ADL can only be used to constrain reference classes
defined in a lightweight proprietary UML like specification called Basic Meta-Model (BMM). For this
reason, CIMI has developed tooling that transforms the CIMI UML models into the BMM specification.
Although this complexity does exist, to ease understanding, the reader can simply imagine that ADL is
directly constraining the UML classes.

The UML/BMM classes are more abstract and the archetypes are where specific semantics such as 'blood
glucose' or 'diabetes present; are asserted.

13.2.1. Structures

13.3.

The CIMI UML/BMM model has three concentric layers: a Core that defines datatypes and a root class,
a Foundation that describes compositional patterns similar to SO 13606, and a Clinical model layer con-
structed on top of the Foundation.

Most clinical specificationswill be based on the Clinical Statement pattern defined in the Clinical model
layer. But this pattern does employ structures built out of Foundation and Core classes, so familiarity with
these layers will be helpful. For more information consult the CIMI Architecture Guide.

Clinical Statement Pattern

The central focus of the CIMI Reference Model isthe Clinical Statement. A Clinical Statement represents
structured el ectronic communi cation made about a patient typically documented as an 'entry’ in the patient
record. For example, Clinical Statement can be used to represent the following statements made about a
patient.

* Patient has diagnosis of congestive heart failure.

» Patient has afamily history of breast cancer.

 Patient has agoal of smoking cessation.

* Patient has an order for Physical Therapy.

* Patient hasalab result of Serum Sodium equals 130 mEg/L with deltaflag.
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* Patient had an appendectomy.

Clinical Statement, shownin Figure 13.2, “Clinical Statement”, hasa‘key’, ‘topic’, ‘context’, and ‘meta’ .
The ‘key’ istheterminology meaning binding for the entire Clinical Statement. The ‘topic’ istheclinical
entity being described. The ‘ context’ describes the circumstancesthat form the setting in which the ‘topic’
should be evaluated. Finally, ‘meta’ isthe collection of metadata that is associated with the clinical state-
ment: the who, where, why and when information.

Figure 13.2. Clinical Statement

__—  topic
Clinical Statement
E\”“* context
metadata
Topic The ‘topic’ is the clinical entity described by the Clinical Statement. A few examples of

topicinclude clinical assertions, evaluation results, and procedures. For each of these topics
the information described is quite different. Therefore, CIMI describestopic typesthat con-
tain the appropriate attributes to describe the required information for the given topic. The
number of topic typeswill change as CIMI progresses. Currently the allowabl e topic types
are EventTopic, ProcedureTopic and FindingTopic which has suptypes of EvaluationRe-
sultTopic and AssertionTopic.

Context The ‘context’ describes the circumstances that form the setting in which the ‘topic’ should
beevaluated. CIMI describes context typesthat contain the appropriate attributesto describe
the required information for the given context. The number of context types will change as
CIMI progresses. Currently the allowable context types are EventContext, ActionContext,
and FindingContext. ActionContext has subtypes with examplesincluding RequestContext,
OrderContext and PerformanceContext. FindingContext has subtypes with examples such
as PresenceContext, AbsenceContext, and Goal Context.

Metadata  ‘metadata’ is not actually an attribute of Clinical Statement, but is intended here to repre-
sent the various attributes in clinical statement that represent metadata about the clinical
statement. Thisincludes 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.

13.3.1. Examples Using Topic and Context

Earlier, descriptive examples of Clinical Statements were given. Here we will represent a few of these
examplesusing the Clinical Statement ‘topic - context’ paradigm. In Figure 13.3, “ Patient has diagnosis of
congestive heart failure.”, the examplefor “ Patient has diagnosis of congestive heart failure” isillustrated.
The topic has been declared to be of type AssertionTopic stating “assertion of congestive heart failure”,
and the context has been declared to be of type PresenceAbsenceContext stating “Known Present”. What
may not be apparent in the figure is that when the topic is declared to be of type AssertionTopic then
all the attributes of AssertionTopic are available for use. However, in the figure only the attribute named
‘result’ is shown for clarity.

In Figure 13.4, “Patient has an 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 typephysical therapy” , and the context has been declared to be of type OrderContext. Again, themajority
of attributes for ProcedureT opic and OrderContext are not shown for clarity.
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Figure 13.3. Patient has diagnosis of congestive heart failure.

topic
/ AssertionTopic

Clinical Statement result: CHF

context

PresenceAbsenceContext

contextCode: Known Present

Figure 13.4. Patient hasan order for Physical Therapy.

topic
/ ProcedureTopic

Clinical Statement result: PT
context

OrderContext

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, ProcedureTopic may be paired with OrderContext to create a ProcedureOrder statement.

2. They represent groupings of attributes aligned with the SNOMED Clinical Terms (SNOMED CT)
Concept Model. For instance, ProcedureTopic is aligned with the SNOMED CT Procedure Concept
Model. PerformanceContext aligns with the Situation with Explicit Context Concept (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.

13.4. Topic Patterns

Topic Patterns include al the attributes required to fully describe a clinical entity. The topic patterns
CIMI has devel oped to date include FindingTopic, ProcedureT opic, and EventTopic, wheith FindingTopic
having children of AssertionTopic and EvaluationResultTopic. They are shown in Figure 13.5, “Topic
Hierarchy” 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
clinica model (DCM) archetype instances that can be visualized at http://models.opencimi.org
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Figure 13.5. Topic Hierarchy

StatementTopic

A

FindingTopic ProcedureTopic

T 1

AssertionTopic || EvaluationResultTopic

13.4.1. AssertionTopic

The first topic type described here is the AssertionTopic pattern with its included attributes, as shown
in Figure 13.6, “AssertionTopic”. ConditionTopic, shown in Figure 13.7, “ ConditionTopic” is a child of
AssertionTopic whichisused to represent aclinical finding such asthe presence (or absence) of acondition
in apatient. For example:

* ChestPainAssertion asserts the presence of chest pain.
* ChestPainAbsenceA ssertion asserts the absence of chest pain.
» EdemaA ssertion asserts the presence of edema.

Figure 13.6. AssertionTopic

AssertionTopic

topicCode : Concept [1..1]
result : DataType [1..1]
description : PlainText [0..1]
multimedia : Multimedia [0..*
interpretation : Concept [0.*]
datefAsserted : DateTime |0..
verification5tatus : Concept [0..1]
findingMethed : Concept [0..*
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Figure 13.7. ConditionTopic

ConditionTopic

topicCode : Concept [1..1]
result : DataType [1..1]
description : PlainTe:xt [0..1

edia [0..*
interpretation : Concept [0..*

multimedia : Mu

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:

* topic.topicCode = a code meaning “assertion”.
* topic.result = a code representing what is being asserted (i.e., “rash”, “auto accident”, “hypertrophy”,
etc.).

13.4.1.1. Assertion Hierarchy

The full hierarchy for AssertionTopic is shown in Figure 13.8, “Assertion Hierarchy”. AssertionTopic
serves two important purposes: (1) it provides the core set of assertion attributes that are relevant in as-
sertion of presence and absence; and (2) it is the parent type for the more specific assertions such as Con-
ditionTopic and FindingSiteAssertionTopic. If additional attributes are identified as needed 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 existing assertions types or whether they should be used to create a new subset of asser-
tions. Typicaly an attribute is added to the parent class if that attribute is relevant in al the subclasses
derived from the parent class. If an attribute is only relevant in some of the subclasses then the attributeis
introduced in these subclasses. This ensures that a class does not have an attribute that isincongruent and
thus requires that attribute to be occasionally constrained out. For instance, it is viewed as bad practice to
create an Animal classthat contains arms, legs, and wings and then create a subclass of dog that constrains
out wings since dogs do not have wings.

Note there are two ways to introduce an attribute that is not always used. A UML class specialization
specifiesanew classthat hasall of the attributes of its parent and may then specify additional attributes. An
archetype may choose to use whichever class, parent or child, is appropriate. Or, the additional attribute
may be added to the original class and the archetype may then use the attribute or "constrain it out" by
setting its cardinality to zero. As previoudly state, CIMI modelers prefer the first approach, extension
through UML class specialization, that avoids the need to constrain elements out of archetypes.
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Figure 13.8. Assertion Hierarchy

AssertionTopic

ConditionTopic

FindingSiteAssertionTopic

13.4.1.2. 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. Table 1 shows examples
of clinical statements using the AssertionTopic class for the topic, and Table 2 shows examples of clini-
cal statement using FindingSiteA ssertionTopic for the topic. These examples show the ‘topic.topicCode’,
‘topic.result’, 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 is a full class with many attributes but here we are only showing
the context code attribute that is common to all context types.

Example 13.1. The patient has diabetes mellitustype 1 which was diagnosed at age
24

Di abet esMel | i t usAssert
t opi c. t opi cCode: Assertion
topic.result: Diabetes nmellitus type 1 (disorder)
t opi c. ageAt Onset: 24 years
cont ext. cont ext Code: Confirned present (qualifier value)

Example 13.2. The patient does not have diabetes mellitustype 1

Di abet esMel | i t usAbsent Assert
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t opi c. t opi cCode: Assertion
topic.result: Diabetes nellitus type 1 (disorder)
cont ext . cont ext Code: Known absent (qualifier val ue)

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.

Note AssertionStatement.topic.topicCode is not part of this construction. It is modeled with the fixed term
“assertion” and is as semantically inert as we can manage.

Other attributes may also inflect the semantics; e.g., an AssertionStatment.topic.findingM ethod that woul d
align with the concept model’ s Finding.findingM ethod.

13.4.1.3. Finding Site Assertions

A FindingSiteAssertionTopic is an assertion about a finding found on the body. This assertion is a “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 examples 3 and 4, and intentionally aligns with the SNOMED CT Clinical Findings concept
model.

Example 13.3. The patient hasa femur fracturein theright leg

Fract ureAssert
t opi c. t opi cCode: Assertion
topic.result: Fracture-of bone (disorder)
topic. findingSite.code: Bone structure of fenur
topic.findingSite.laterality: Right (qualifier value)
cont ext . cont ext Code: Confirned present (qualifier value)

Example 13.4. The patient has a stage two pressure injury on the right ischial
tuber osity

WyundAssert
t opi c. t opi cCode: Assertion
topic.result: Pressure ulcer stage 2 (disorder)
topic.findingSite.code: Skin structure of ischial tuberosity
topic.findingSite.laterality: R ght (qualifier value)
cont ext . cont ext Code: Confirmed present (qualifier val ue)

13.4.2. 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 thetest in the ‘result’ attribute. Viewed another way, the EvaluationResultTopic topicCode holds
aquestion (e.g., "what isthe heart rate?’, "what is the serum glucose?") and the ‘result’ holds the answer.
Any clinical statement such asalaboratory test, avital sign, or aquestionnaire question that fitsthis pattern
of aquestion and a resulting value is model ed with the EvaluationResultTopic pattern.
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The evaluation result pattern for aclinical statement is asfollows:

* topic.topicCode = what' s being evaluated (“heart rate”, “ serum glucose”, “breath sound”, etc.).
* topic.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. In the previous section, we illustrated assertion models using rash, auto accident, and
hypertrophy. Below we show what these assertion exampleswould look likeif we hypothetically modeled
them using the Evaluation Result pattern. Note, CIMI avoids creating models where the ‘result’ specifies
“presence/absence” or “yes/no”, so thisis aclear indicator that the assertion pattern is preferred in these
Cases.

Assertion * topic.topicCode = a code meaning “ assertion”
* topic.result = a code representing what’s being asserted (“rash”,
“auto accident”, “ hypertrophy”, etc.)
EvaluationResult ( Thisishypo- ¢ topic.topicCode = what's being evaluated (“rash”, “auto acci-
thetical ) dent”, “hypertrophy”, etc.)
* topic.result = “present” or “yes’

Like Assertion, Evaluation Result corresponds to the SNOMED CT concept model. The
EvaluationResultStatement.topi c.topicCode attribute corresponds to the observation being evaluated.

13.4.2.1. Evaluation Result Hierarchy

EvaluationResultTopic currently has two subtypes; LaboratoryTestResultTopic (that includes additional
attributes necessary to describe laboratory tests) and Physical Eval uationResultTopic.

Figure 13.9. Evaluation Result Hierarchy

EvaluationResultTopic

%

LaboratoryTestResultTopic PhysicalEvaluationResultTopic

13.4.2.2. 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 1abs, where the former would have a
QUANTITY result and thelatter would haveaCODED_TEXT result. For the different lab categoriesthere
isnot a need for new named attributes only a need to constrain the result to the appropriate datatype. The
modeler has a choice to make in this situation as the datatype could be constrained in a new class subtype
inthereferencelayer or asan archetype in the constraint layer. Since anew named attribute is not required
the style CIMI has adopted as the constraint would occur in the constraint layer and an ADL Archetype
would be created for both Quantitativel aboratory TestResult and Nominal Laboratory TestResullt.

13.4.2.3. Evaluation Result Subtypes

LaboratoryTestResultTopic LaboratoryTestResultTopic contains attributes specific to the lab
evauation process. These include information about the physi-
cal process (e.g., specimen) plus process management information
(e.g., status).
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PhysicalEvaluationResult T opic PhysicalEvaluationResultTopic contains attributes specific to the
clinical evaluation process. These include information about the
physical examination process (e.g., patient position, body site).

Example 13.5. The patient’s skin turgor isfriable

Ski nTur gor Eval
topi c. topi cCode: Skin turgor (observable entity)
topic.result: Fragile skin (finding)
topi c. eval uati onProcedure: |nspection (procedure)
cont ext . cont ext Code: Confirmed present (qualifier val ue)

Example 13.6. The patient's systolic blood pressureis 120 mmHg

Syst ol i cBl oodPr essur eEval
topi c. topi cCode: Systolic arterial pressure (observable entity)
topic.result: 120
unitsOf Measure: MIlinmeter of mercury (qualifier value)
t opi c. eval uati onProcedure: Auscultation (procedure)
cont ext . cont ext Code: Confirmed present (qualifier val ue)

13.4.2.4. Guideline: Assertion versus Evaluation

In most cases the decision between using the eval uation result pattern and the assertion patternisintuitive
and straightforward. “Urine color”, for example, is clearly best modeled as an evaluation result because
the attribute being evaluated is the color of the patient’s urine and the result of the evaluation is the set of
codes representing the col ors that may be observed. To model urine color as an assertion would require the
creation of alarge number of pre-coordinated concepts. The key would be “assertion” and result would be
populated with a code from a set of codes such as“amber urine” (meaning “the patient has amber uring”),
“clear urine’, etc.

However, this highlights any evaluation model may be transformed into an assertion model. (Conversely,
any assertion model may be transformed into an evaluation model.) In the case of urine color, the decision
isintuitive. In other cases the decision isless clear.

For example, “ heart rhythms’ (bradycardic, tachycardic, etc.) may be modeled as multiple assertion models
(bradycardia, tachycardia, etc.) or as a “heart rhythms” evaluation model whose data is constrained to a
value set (containing “bradycardic”, “tachycardic”, etc.).

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., a noun 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 storage model (e.g., assertion models for “bradycardia’ and “tachycardia’
instead of an evaluation model with “bradycardic” and “tachycardic” asvalues), inevitably therewill beuse
cases(e.g., dataentry, messaging, reporting, etc.) for the other model and aneed to identify use caseswhere

202



Draft Clinical Input Form Statements Draft

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).

It should be noted the Assertion vs. Evaluation topic is solely concerned with the structure and schema
pattern used to capture clinical information. Choosing Assertion vs. Evaluation patterns has nothing to do
with whether the information being captured is subjective vs. objective.

13.4.3. ProcedureTopic

Procedure models are used to represent actions taken related to the care of a patient such as a cholecys-
tectomy, peripheral 1V placement, delivery of awarm blanket, dressing change, ambulation, patient edu-
cation, etc. The CIMI ProcedureTopic, as shown in Figure 13.10, “Procedure Hierarchy”, is a base class
for anumber of specializations such as surgical, imaging, and laboratory procedures. The CIMI Procedure
Model is aligned with the SNOMED CT Procedure Concept Model when such an alignment exists.

Figure 13.10. Procedure Hierarchy

ProcedureTopic

I
| |

LaboratoryProcedure- SpecimenCollection- | | SurgicalProcedure-
Topic Topic Topic
Imaging Prc_:cedure— SurgicalProcedureOnDevice-
Topic Topic

13.5. 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 13.11, “Procedure Hierarchy”, add important
attribution information for the situation being described.

Figure 13.11. Procedure Hierarchy

StatementContext
VAN
FindingContext ActionContext
$
PresenceAbsenceContext GoalContext RequestContext
z‘[\
OrderContext
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The StatementContext abstract class has the following three specializations:

FindingContext The FindingContext class aligns with the SNOMED Situation with Explicit Con-
text for findings and provides the context for either the EvaluationResultTopic or
AssertionTopic of aclinical statement. For instance, a context about afinding may
state that the finding was present or absent.

ActionContext The ActionContext classalignswith the SNOMED Situation with Explicit Context
for procedures and provides the context for the Act topic of a clinical statement.
For instance, a statement about a procedure may specify the procedure has been
proposed, ordered, planned, performed, or not performed. Each action context, in
turn, hasits own lifecycle. An example of the PerformanceContext class is shown
in Figure 13.12, “PerformanceContext”.

EventContext Not shown in the above diagram, EventContext is a child of StatementContext.
At thistime specializations of EventContext have not been defined. It is anticipat-
ed that EventOccurrence and EventNonOccurrence specializations will be intro-
duced.

Figure 13.12. Perfor manceContext

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 [0..%]

enactsPlan : PlannedProcedureStatement [0..1]
fulfillsOrder @ PlannedOrderStatement [0..1]
basedOn : PlannedProposalStatement [0..7]
duration : Duration [0..1]

partf @ Clinical5tatement [0..%]

13.6. Metadata

The final division of the Clinical Statement pattern is the metadata which is a collection of attribu-
tion/provenance information regarding the topic/context being described by the clinical statement.

13.6.1. The CIMI Attribution/Provenance patterns

Inthe CIMI model, provenance information is represented by the Attribution class shown in Figure 13.13,
“Attribution Class’. The Attribution class provides a pattern for the capture of provenance information
such asthe what, who, when, where, why, and how associated with a particular activity —e.g., provenance
attributes about the verification of aclinical statement (e.g. the provider performing the surgery in O.R.
suite 6).
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Figure 13.13. Attribution Class

Attribution

activity : Concept [0..1]

recordedOn : TemporalValue [0..1]
recordedBy : Party [0..1]

activity TimeRange : Datelnterval [0..1]
reason ! Comcapt [0..*]

lecation : Location [0..%]

policy = UriType [0..%]

participant : PartyAssociation [0..*]
signature : Signature [0..%]

rmethod : Concept [0..%]

CIMI currently includes two attribution patterns:

1. Attribution information as a part of the clinical statement — In this pattern, the Clinical Statement
pattern contains a number of attributes of type Attribution (e.g., Clinical Statement.authored and
Clinical Statement.verified). This pattern provides a consistent way to capture attribution information
that extends beyond simply the agent of an activity (e.g., the author). When attribution is part of the
Clinical Statement model, any change to the attribution for an activity will result in aversion change.

2. Attributioninformation external totheclinical statement - CIMI alowsthe capture of provenanceinfor-
mation external to the clinical statement through the Provenance class. The provenance class contains
the Attribution classand provides pointersto one or moreclinical statements(e.g., the Provenance.target
attribute). This pattern allows the addition and modification of provenance information associated with
aclinical statement without impacting its version.

13.7. Differences between ANF and CIF

There are two fundamental differences between ANF and CIF. The first is the representation of topic, and
the second is the representation of results.

1. The representation of topic.
2. The represenation of results.

13.7.1. The Representation of Topic

In the ANF model, the topic is represented by a single field containing a simple to complex snomed
expression whereas in the CIF model, all the pieces of information that make up the topic are broken out
and structured as needed into multiple properties with propery names and appropriate datatypes.

205



Draft

Clinical Input Form Statements Draft

Figure 13.14. Topic Comparison

ANF

topic Complex Snomed Expression

circumstance

CIF

tobic Complex Tree of Objects,
P propetiers and datatypes
context

One implication of thisisthat the ANF is using two formalisms to represent the detailed clinical model.
First it uses the formalism that represents the ANF reference model and constraints such as HL7's Struc-
tureDefinition syntax or OpenEHR's BMM/ADL syntax. Second, it uses Snomed's syntax for post-coor-
dinated Snomed expressions. Tools for authoring and analysis would be required to parse and process
both syntaxes.

The CIF model, on the otherhand, would be fully represented using the formalism that represents the
CIF reference model and contraints such as HL 7's StructureDefinition syntax or OpenEHR's BMM/ADL
syntax.

13.7.2. The Representation of Results

In the CIMI CIF model, EvaluationResult and Assertion models are used to represent results. Evalura-
tionResult has atopic representing what isbeing observed, and aresult represented by achoice of datatypes.
An Assertion on the otherhand, has simply a topic with a value of 'assertion’, and a result stated what is
being asserted.

In the ANF moded, the topic represents what is being observed and the result may only be arange of either
acount or quantity. No coded results are allowed.

In the CIF model, when creating a model with a numeric result, the choice is quite clear and the choice
will be an EvaluationResult, such as a topic of 'SerumSodium' and result with a numeric quantity. In this
case, the CIF and ANF model or very aligned, except for the fact that the ANF model will use a range
of that quantity.

But when a CIF model has a potential coded result, the choice between EvaluationResult and Assertion
becomes muddied. For example, a model for Breath Sound could be an EvaluationResult with a topic of
'breath sound' and a coded rusult with the following valueset. Thus any of the breath sounds within the
valueset can act asaresult for thismodel. The other option, isthat each of the breath soundsin the valueset
ismodeled as an Assertion with atopic of 'assertion’, and aresult of each particular code. To decided 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.

The ANF model can not do an EvaluationResult style model as it doesn't allow code results. Thus ANF
isforced to make one and only choice, which is an assertion style where the particular breath sound isthe
topic, and the result will be numeric count indicating presence or absence.

* Absent
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» Audible

» Clear

» Coarse Breath Sounds
e Coarse Crackles

» Crackles

e Diminished

» Expiratory wheezing
e Faint

» Fine Crackles

» Forced

* Inspiratory wheezing

» Left Ventricular Assist Device Noise

* Markedly Decreased

* Moderately Decreased
» Pleura Rub

» Pleural Rub
 Prolonged Expiration
» Rhonchi

» Slightly Decreased

e Stridor

» Tubular Breath Sounds

» Upper Airway Congestion

¢ Wheeze

When querying instance data, the Assertion or ANF style is much more difficult for things like breath
sounds. To query any breath sound instances, you have knowledge of all possible breath sound topics and
guery for each. With the EvaluationResult style, querying is simpler as you simply query for a topic of
‘breath sound', and the code 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.

13.8. Appendix A - Glossary

Table 13.1. Glossary

Term

Acronym

Definition

Archetype

A re-usable, formal model of a concept expressed as a
computable constraint model defined in ADL

Modelling Initiative

Archetype Definition ADL ADL isaformal language for expressing archetypes. It provides

Language aformal, textual syntax for describing constraints on any
domain entity whose data is described by an information model

Attribute A field in any class

Clinical Information CIMI Aninitiative established to improve the interoperability of

healthcare information systems through shared implementable
clinical information models

Clinical Statement

Structured electronic communication made about a patient
typically documented as an 'entry’ in the patient record

Complex Clinical

Statement

A statement that is composed of parts where each part can only
be fully understood in the context of its parent
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Term

Acronym

Definition

Compound Clinical
Statement

A clinical statement composed of one or more clinical
statements that may exist outside of the containing parent
Statement

Constraint Model

A formal specification used for describing constraints on an
Underlying Reference Model. The Constraint Model is used to
express clinical information models (i.e. archetypes)

Context

The circumstances that form the setting in which the ‘topic’
should be evaluated

Detailed Clinical Model

DCM

A relatively small, standal one information model designed to
express a precise clinical concept in a standardized and reusable
manner

Governance

The use of a set of processes, customs, policies, laws and
ingtitutions to direct the way people administer

Isosemantic Models

A model that, while different in structure, represents the same
semantic content as a second model

Key The main concept of interest in aclinical statement, about
which the other attributes and rel ationships provide additional
information

Meta Attribution information relating to the statement itself such as

who authored, verified, recorded, or signed the statement. Meta
includes the who, where, why and when information

Terminology Binding

The assertion of arelationship between the information model
and the terminology

Topic Theclinical entity described by the Clinical Statement e.g.
clinical assertions, evaluations results, and procedures
Topic Pattern Attributes required to fully describe aclinical entity
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14. Isosemantic Transformation

| sosemantic models refer to model s that may share a different structure but which are semantically equiv-
alent. In order for two models to be isosemantic the models must support bidirectional transformations
without any information loss. | sosemantic model s allow model s whose representati ons better address clin-
ical requirements while retaining formal and detailed semantics. For instance, while a more post-coordi-
nated information model may facilitate integration with existing systems, an interface model may favor
greater terminology pre-coordination and a simpler structure that aligns better with the needs of an input
form presented to a clinician. Typically, isosemantic models range between two poles - a highly detailed
information model that makeslittle use of terminology pre-coordination and post-coordinated expressions
and a highly simplified information model where most of the model representation residesin afully post-
coordinated terminology expression based on an underlying concept model. Many isosemantic models
reside within this continuum.*

14.1. Transformation Languages for Converting
CIMI DCM Instances to SOLOR DL Expressions

Walter Sujansky

14.1.1. Introduction

Thiswhitepaper addresses processes for transforming clinical datathat were collected using an object-ori-
ented data model (CIMI) into semantically equival ent data structures represented using adescription-logic
model (SOLOR). The paper discusses the motivation for performing such transformations and evaluates
several candidate languages for specifying and executing the transformations. Specific recommendations
are made regarding the next steps in selecting the best language for CIMI-to-SOLOR transformations of
clinical data.

14.1.2. Motivation for CIMI to SOLOR Transformations

CIMI detailed clinical models (DCMS)2'3 are object-oriented templates for capturing, representing, and
sharing clinical observation data. They define and constrain, at a conceptual-modeling level, the structure
and the coding used to represent certain types of observations. For example, Figure 14.1, “CIM| DCM. ”
shows asimplified DCM for representing pain symptoms"'.

http://models.opencimi.org/cimi_doc/CIMIArchitectureGuide/CIMIArchitectureGuide.html

2 Goossen, W. Detailed Clinical Models: Representing Knowledge, Data and Semantics in Healthcare Information Technology. Healthc Inform
Res. 2014 Jul; 20(3): 163-172.

3 http://wiki.hl 7.org/index.php?title=Detailed_Clinical_Models (Accessed 9/30/2017).

“Theactual syntax shown isfrom the Clinical Event Model, arepresentation model closely related to CIMI, but which providesalarger compendium
of relevant examples at thistime (CIMI models are till in the process of being defined).
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Figure14.1. CIM| DCM.

4. % PainAssert restricts ClinicalAssert
- @ Information
- & key = Assertion_KEY CODE
- [) CodeableConcept
- <& codeableConcept.strength = CWE
- =& codeableConcept valueset = ClinicalAssertion_VALUESET CODE
- <& codeableConcept.code = Pain_CODE
4- (1) dateOfOnset DateOfOnset [0-1]
- 7)) Information
- & Key = DateOfOnset KEY CODE
- [0 DateTime
4 (I} bodyLocationPrecoord BodyLocationPrecoord [0-M]
- (@ Information
- & key = BodylocationPrecoord_KEY_CODE
4. ([ CodeableConcept
- <& codeableConcept strength = CWE
- <& codeableConcept.valueset = BodylLocationPrecoord VALUESET CODE

b

Notethat the DCM isatemplate that can be used to represent instances of pain symptomsin many different
anatomical locationsat different times, but always conforming to asingle, predictable pattern. For example,
Figure 14.2, “CIMI instance, rendered as XML. ” shows a particular instance of the Pain DCM which
documents a patient’s symptom of pain in the right lower quadrant of the abdomen on a particular date.
Notethat, inthiscase, the paininstanceisrepresented in XML, although DCMs, themselves, do not specify
any particular rendering format.

Figure 14.2. CIMI instance, rendered as XML.

<?xml version="1.0" encoding="UTF-8"7>
<PainAssert>
<Archetype archetypeld="4784894573"/>
<CodeableConcept>
| <Code codingSystem="SCT" code="22253000" text="Pain"/>
</CodeableConcept>
<DateOfOnset dateTime="2017-04-21 00:00:00"/>
<BodylLocationPrecoord:
i <CodeableConcept>
| <Code codingSystem="SCT" code="48544008" text="Right lower quadrant of abdomen"/>
i </CodeableConcept>
</BodylLocationPrecoord=

Although DCMsare very useful for standardizing the representation of clinical datato facilitate portability
and interoperability, these models confer minimal computable semanticsto the data represented. With the
exception of supertype/subtype relationships (e.g. “ PainAssert” isasubtype of “ Clinical Assert”, as shown
in the first line of Figure 14.1, “CIMI DCM. "), DCMs do not support logical inferencing with respect
to patient-data instances.

Logical inferencing allows computer systems to draw new, logically sound conclusions based on patient
data. Such inferencing, which includes equivalence testing, subsumption testing, and attribute inferral,
can be very useful in the retrieval and processing of clinical data for decision support, research, quality
measurement, etc.
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14.1.2.1. Benefitting from Description Logic Semantics

Description logics (DLs) are ontological representation systems based on a subset of first order logic. A
prominent example of a DL system in healthcare is SNOMED-CT, and its derivative system SOLOR.
SOL OR defines aformal model for the representation of ontological knowledge and includes an inference
engine (“reasoner”) for deriving new, latent information based on the represented knowledge and the rules
of logic.

For example, SOLOR can automatically infer that “ Appendicitis’ is a“Gastrointestinal Disease” and in-
volves the process of “Inflammation”, based solely on the rules of logic and provided ontological defini-
tions of “Gastrointestinal Disease”, “ Gastrointestinal System”, “ Appendicitis’, and “ Appendix”. Such in-
ferences can be useful, for example, in finding all patients who have agastrointestinal disease for purposes
of research, or determining why a specific patient may have afever for purposes of decision support.

Although SOLOR isbased on adifferent formalism that CIMI DCMs, SOL OR representations of medical
concepts share a number of features with CIMI DCMs. Specifically, both modeling systems use of an
object-oriented framework that organizes concepts into hierarchies and specifies the features of concepts
using attributes, which themselves can take other defined concepts as values. Hence, there exists the op-
portunity to map between CIMI DCMs and SOLOR expressions, and to transform CIMI data instances
into SOLOR concept expressions based on these mappings. The sound execution of such transformations
allows clinical information systems to capture and share data using the CIMI formalism, but then retrieve
and analyze the data using the SOLOR formalism and the additional inferencing power it provides.

14.1.2.2. Example

Returning to the example of Figure 14.1, “CIM|.DCM. ” and Figure 14.2, “CIMI instance, rendered as
XML. ", imagine one wished to query a patient database to retrieve al patients who had experienced
abdominal pain, i.e. pain located somewhere in the abdomen. If patient data were represented only as
instances of CIMI DCMs, one would do this by searching for all patients who had an instance of the
“PainAssert” DCM with the code for “ Abdomen” as the value of its “BodyL ocationPrecoord” attribute:

SELECT Patient]D FROM Findings WHERE Findings.Codeabl eConcept.Code.code = * 22253000 (Pain)”
AND Findings.BodyL ocationPrecoord.CodeableConcept.Code.code = “ 7584978 (Abdomen)”

However, this query would retrieve only those patients with documented pain located generally in the
“Abdomen,” and would miss any patients with pain documented in sub-parts of the abdomen, such as the
“Lower abdomen”, the “Right lower quadrant of the abdomen”, the “Epigastrium”, etc. To retrieve all
patients with pain anywhere in the abdomen, the query would have to include all possible sub-parts of the
abdomen, as well as the general abdomen itself:

SELECT PatientID

FROM Findings

WHERE Findings.CodeableConcept.Code.code = “ 22253000 (Pain)” AND

( Findings.BodyL ocationPrecoord.Codeabl eConcept.Code.code = “ 7584978 (Abdomen)” OR
Findings.BodyL ocationPrecoord.Codeabl eConcept.Code.code = “ 6487587 (Lower Abd.)” OR
Findings.BodyL ocationPrecoord.CodeableConcept.Code.code = “ 6487588 (RLQ of Abd.)” OR
Findings.BodyL ocationPrecoord.CodeableConcept.Code.code = “ 7584978 (Epigastrium)” OR

...€tc.)
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The exhaustive inclusion of al such abdomina sub-parts and sub-sub-parts in every query that needs
to specify the abdominal area would be onerous, as well as subject to error as the coded terminology
representing these sub-parts changes over time. Further, formulation of querieswith respect to CIMI DCM
instances requires a detailed knowledge of the nested DCM data structure and the specific combinations
of attributes that represent certain semantic concepts.

However, there is a better aternative if one could first transform the CIMI DCM representations of all
recorded observationsinto SOLOR DL representations. Such transformationswould allow the same query
to be formulated and executed more easily using DL inference.

For example, the expression in Figure 14.3, “ Description-logic representation of the CIMI DCM instance
shown in Figure 14.2, “CIMI instance, rendered as XML. ". " shows the DL formulation of the same®
“Painin right lower quadrant” observation represented in Figure 14.2, “CIMI instance, rendered as XML.
”. Figure 14.3, “ Description-logic representation of the CIMI DCM instance shown in Figure 14.2, “CIMI
instance, rendered as XML. ". ” shows both the textual and the equivalent graphical rendition of the DL
expression.

Figure 14.3. Description-logic representation of the CIMI DCM instance shown in
Figure 14.2, “CIMI instance, rendered asXML.".

SubClassOf:
Pain and
( Finding site some Structure of right lower quadrant of abdomen)

22253000

Pan (finding)
/ _ Y
I'Ir sEsesacer ) ! p| coswooe ;
-‘\\.\—ndlng site (atiribuie) ‘_//J,l Structure of right lower quadrant of abdomen (body sruciure)

Initially, the DL expression in Figure 14.3, " Description-logic representation of the CIMI DCM instance
shown in Figure 14.2, “CIMI instance, rendered as XML. ". ” is subsumed within the SOLOR concept
hierarchy only by the concept “ Pain,” because the expression explicitly specifiesonly that theexpressionis
asub-classof Pain. Thishierarchical classification would not help aquery to recognize that the patient with
this finding, in fact, has an instance of “Abdominal pain.” However, the SOLOR ontology also includes
the DL definition of the more specific concept “Abdominal Pain,” specified as follows:

Note that this representation lacks the tempora “DateOfOnset” attribute, because that attribute falls outside of the SOLOR concept model (as
further discussed in Section Section 14.1.3.3, “Outputs”).

212



Draft

Isosemantic Transformation Draft

Figure 14.4. Description-logic definition of “ Abdominal Pain.

EquivalentTo:
Pain of truncal structure and
Finding of abdomen and
( Finding site some Abdominal structure)

21522001
Abdominal pain (finding)

| » 301 366005

Pan of runcal structure {finding)

509624008
Finding of abdomen (finding)

r.é’:isassauu:’ ‘§II I 113345001

I,l\\Finding site (atribuie) . Abdominal stuciure (body struchore)

Based on thislogical definition of “Abdominal Pain,” on the DL definitions of several other clinical con-
cepts, and on formal rules of logic, a SOLOR reasoner can infer that the DL expression for “Pain in right
lower quadrant” is subsumed by “Abdominal Pain.” Infact, the reasoner can correctly classify the expres-
sion into the subsumption hierarchy of Figure 14.5, “Inferred subsumption hierarchy. ”. Using these in-
ferred subsumption relationships, the previous query to retrieve al patients who had experienced abdom-
inal pain may now be reformulated as follows:

SELECT PatientiD FROM Findings WHERE SOLOR-Expression(Findings) IssA SOLOR-
Code(* Abdominal Pain™)

where “SOLOR-Expression” is a function that converts the CIMI DCM instance into an equivalent DL
expression, and SOL OR-Code(“ Abdominal Pain™) isafunction that resolvesto the existing coded concept
for abdominal pain in the SOLOR terminology. Note that “Is-A” represents a predicate that tests for sub-
sumption between the two. In this manner, the power of DL semantics can greatly simplify query formu-
lation against alarge compendium of complex patient data collected using CIMI DCMs.
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Figure 14.5. Inferred subsumption hierarchy.

“Finrjnu of abdominal segment of trunk (finuing]-”

Pain (finding)

“Findin-; of abdomen (ﬂndnu}” ||Pain finging at analomical site {ﬁndnm”

“Findnu of sensation of abdomen [ﬁndinq;|

||F-‘ain of truncal structure (finding) "
— |

“Ahmminal pain (ﬁncing)"
L

][an.er abdominal pain (ﬁndnm]l ||Hiunt sided abdominal pain :ﬁncin-zn||

AN

||Ft|gm lower quadrant pain (finding) ”

Pain RLQ {ﬁndng)l

14.1.3. Mechanics of the Transformation Process

The processto transform CIMI DCM instancesto DL expressionsinvolves certain inputs and outputs, and
entails a certain architectural framework. These attributes create certain requirements for the transforma-
tion language and execution engine to be used for this task, and are discussed in this section.

14.1.3.1. Overview

Figure 14.6, “ Architectural framework for transforming CIMI DCM instances to DL expressions. ” sum-
marizes the transformation process to convert CIMI DCM data instances to SOLOR post-coordinated DL
expressions®. At the instance (“Data’) level, the task must automatically and faithfully transforms data
represented in the CIM| object-oriented formalism to datarepresented in the SOLOR DL formalism, which
consists of the EL profile of the OWL 2 description-logic language’. A transformation engine performs
the transformation process on any CIMI DCM data instance by applying a set of mapping specifications
written in atransformation language.

The mapping specifications are defined at the model (“Meta-Data’) level. Specifically, they are based on
the structure and contents of a particular CIMI DCM, and can only transform data instances conforming

6 SOLOR post-coordinated expressions are a derivative of, and very similar to, SNOMED-CT post-coordinated expressions, which are
formally defined in the following document: http://doc.ihtsdo.org/download/doc_Compositional Grammar SpecificationAndGuide Current-en-
US_INT_20150522.pdf (Accessed 9/30/2017).

7 https:/Avww.w3.0rg/ TR/owl 2-profiles#OWL _2_EL (Accessed 9/30/2017).
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to that DCM. Each distinct DCM, therefore, requires its own mapping specifications. The mapping spec-
ifications are also specific to the SOLOR DL model and terminology contents, because the model and
contents define the allowed outputs of the transformation process.

Figure 14.6. Architectural framework for transforming CIMI DCM instances to
DL expressions.

Object-Oriented Transformation Description Logic

Engine

(“Archetype”) SOLOR Terminology Content

1 1 1 1
1 1 1 1
i : : :
1 1 1 1
i : : :
1 ] 1 1
: : Transf tion : !
Data : Patient Data Instance i ransiorms i OWL 2 EL Expression i
' ! Process ! !
| | 4 | |
' (Generated by user or other source) | ! ' (Subset of Patient Data Instance) i
! : i i : : :
i i : . H i i i
' Conforms i i Drives 1 ' 1 Conforms i
: to | : ! ; | to :
1 H | 1 1 1 1
! 1 | 1 1 1 1
' A\ ! H 1 v i
i ! i ! i
I | |

ciMI : S OWL 2 EL Model + |
Meta-Data Detailed Clinical Model E S B ! SOLOR Concept Model + !
! ! pecification ! !
| | i |
1 ] 1 1
: ' i ;

Transformation
| e e e e e e e ) Language \

14.1.3.2. Inputs

The inputsto the transformation process are instances of CIMI DCMs rendered in some structured, parse-
able language. For purposes of this analysis, we will assume that the inputs are rendered in XML, as this
isacommon syntax for representing clinical data (e.g., XML isalso used by other standards for modeling
patient data, such as FHIR and C/CDA).

Further, theinputs conform to some defined CIMI DCM. Figure 14.2, “ CIMI instance, rendered asXML. ”
showed a simple example of such an XML-rendered data instance that conformsto a CIMI DCM, specif-
ically the DCM shown in Figure 14.1, “CIMI DCM. ".

Figure 14.7, “ An alternative CIMI DCM instance of a pain observation. ” shows another, more complex
example of a pain observation represented as an XML document. This observation is an instance of the
more complex CIMI DCM for pain shown in Figure 14.8, “An alternative CIMI DCM for pain observa-
tions.”, whichissimilar tothat in Figure 14.1, “CIMI DCM. ", but contains numerous additional attributes,
such as “duration,” “painRadiation,” and “exacerbatingFactor.” Note that certain of the attributes of the
DCM are optiona (having [0-1] or [0 — M] cardinality) and therefore not populated in the DCM instance
shown in Figure 14.7, “An alternative CIMI DCM instance of a pain observation. ”.

The DCM instancein Figure 14.7, “ An alternative CIMI DCM instance of a pain observation. ” isanother
example of an input to the CIMI-to-SOLOR transformation process. It is the example used in the next
section to describe the outputs of the transformation process.
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Figure 14.7. An alternative CIM|1 DCM instance of a pain observation.

<?xml version="1.0" encoding="UTF-8"7>
<PainAssert>
<Archetype archetypeld="4784894573"/>
<CodeableConcept:>
I <Code codingSystem="SCT" code="22253000" text="Pain"/>
</CodeableConcept>
<DateOfOnset dateTime="2017-04-21 00:00:00"/>
<BodyLocationPrecoord>
i <CodeableConcept>
| <Code codingSystem="SCT" code="48544008" text="Right lower quadrant of abdomen"/>
! </CodeableConcept>
</BodyLocationPrecoord:>
<Duration>
! <Quantity value="2" units="days"/>
</Duration>
<ExacerbatingFactor>
i <CodeableConcept>
! <Code codingSystem="LN" code="83184-2 " text="Eating"/>
i </CodeableConcept>
</ExacerbatingFactor>
</PainAssert>

Figure 14.8. An alternative CIMI DCM for pain observations.

4. %2 PainAssert resiricts ClinicalAssert

i @ Information

- 8 key = Assertion_KEY_CODE

4 (@) CodeableConcept

- <& codeableConcept strength = CWE

- <& codeableConcept valueset = SCT-40468400 [Clinical Finding (finding)]

- <= codeableConcept.code = SCT-22253000 [Pain (finding)]
4 (1) dateOfOnset DateQOfOnset [0-1]

i @ Information
- & key = DateOfOnset KEY_CODE
- (B DateTime
<4 (@) bodyLocationPrecoord BodyLocationPrecoord [0-M]
£ () Information
- & key = BodyLocationPrecoord KEY CODE
4. [I) CodeableConcept
- <& codeableConcept strength = CWE
i <@ codeableConcept valueset = SCT-91723000 [Anatomical structure (body structure)
£ () associatedPrecondition AssociatedPrecondition [0-M)
4- (1) duration Duration [0-1]
i~ @ Information
-~ 8 key = Duration_KEY_CODE
i~ (B Quantity
- (@) painRadiation PainRadiation [0-M]
4- (1) exacerbatingFactor ExacerbatingFactor [0-W]
& @ Information
- & key = ExacerbatingFactor_KEY_CODE
i ([ CodeableConcept
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14.1.3.3. Outputs

The outputs to the transformation process are SOLOR post-coordinated DL expressions that are seman-
tically consistent with the input data instances. These expressions must conform to three aspects of the
SOL OR terminology model

1. OWL 2 EL Description Logic. SOLOR (like SNOMED-CT) uses just a subset of complete first-order
logic to define medical concepts and represent post-coordinated expressions. The OWL 2 EL subset
of first-order logic was chosen to ensure polynomial-time inference operations, in particular classifica
tion of the large SOLOR terminology corpus. OWL 2 EL definitions and expressions can be represent-
ed using a number of equivalent syntaxes, including the SNOMED Expression Grammar, Manchester
Syntax, OWL Functiona Syntax, OWL/XML syntax, and OWL/RDF syntax. Most examples in this
paper use the Manchester Syntax, for clarity and brevity (e.g., see Figure 14.3, “ Description-logic rep-
resentation of the CIMI DCM instance shown in Figure 14.2, “CIMI instance, rendered as XML. ".").
In practice, the output of CIMI-to-SOLOR transformations may best be rendered in OWL Functional
Syntax, which is dtill relatively concise and supported as an input format by most OWL reasoners.
Figure 14.13, “Output of the XSLT script in Figure 14.12, “ Sample XSLT Transformation Script.” run
against the CIMI DCM instance in Figure 14.7, “ An alternative CIMI DCM instance of a pain obser-
vation. ”.” shows an example of this syntax.

2. SOLOR Content Model. SOLOR (like SNOMED-CT) constrains the attributes that can be used to de-
scribe each type of medical concept, aswell asthe allowed values for those attributes. The specification
of the allowed attributes and valuesiis called the SOLOR Content Model. Figure 14.9, “Excerpt of the
SOL OR Concept Model for Clinical Findings’, for example, shows an excerpt of the SOLOR Concept
Model for observations of the type “Clinical Finding”.

Figure 14.9. Excerpt of the SOLOR Concept Model for Clinical Findings

Defining Attribute | Subsumed Allowable Values
Attribute
| FINDING SITE | | Anatomical or acquired body structure | 442083008 (<<) Meaning of Allowable Values (Rangs) notations:
(=<) this code and descendants,

| ASSOCIATED MORPHOLOGY | | Morphalagically abnormal structure | 48755003 (<<) (<) descendants only,
| ASSOCIATED WITH - . (==) descendants only (stated) except for supercategory groupers,
| | Clinical Finding | 404684003 (<<} {==) this code only,

| Procedure | 71388002 (<<) (< Q) descendants enly when in a qualifying Refationship,

| Event | 272379006 (<<) (< Qonly) descendants only, and only allowed in a qualifying Relationship.

| Cnganism | 410807008 (<<)

| SEVERITY | | Severities | 272141005 (<=)< Q)
| CLINICAL COURSE | | Courses | 288524001 (<=)(< Q)
| EPISODICITY | Episedicities | 288526004 (<=)(< Q)

| HAS DEFINITIONAL MANIFESTATION | (] Clinical finding | 404884003 (<<)

| OCCURRENCE | | Periods of life | 282032007 (<)
| FINDING METHOD | | Procedure | 71388002 (<=)
| FINDING INFORMER | | Performer of method | 420158005 (<<)

| Subject of record or other provider of history | 419358007 (<<)

Note that “ Clinical Finding” isthe concept type for all pain observations, and therefore the SOLOR Con-
cept Model shown in Figure 14.9, “Excerpt of the SOL OR Concept Model for Clinical Findings’ specifies
the set of attributes that can be assigned in the DLs transformation of the CIMI DCM instance shown
in Figure 14.7, “An aternative CIMI DCM instance of a pain observation. ”. In particular, a number of
the attributes allowed by the DCM are not allowed by the SOLOR Concept Modd (e.g., “ DateOfOnset”,
“Duration”, and “ ExacerbatingFactor”), which resultsin their necessary exclusion from the transformation
result. The mapping specification for the DCM must include only the allowed attributes and values to
produce valid SOLOR DL output results. Figure 14.10, “Excluded attributes of the CIMI DCM for Pain
findings.” illustrates the attributes of the DCM originally shown in Figure 14.8, “An aternative CIMI
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DCM for pain observations. ” that must be excluded. Note that the DCM attribute “ BodyL ocationPreco-
ord” isnot excluded, because it mapsto the semantically equivalent attribute “Finding Site” in the SOLOR
Concept Moddl.

3. SOLOR Terminology Content. Lastly, thetransformed CIMI DCM instance can only include references
to codes and concepts that aready exist within the SOLOR Terminology Model. For example, the
value of the “BodyL ocationPrecoord” attribute (“ Right lower quadrant of abdomen” in the example of
Figure 14.7, “ An aternative CIMI DCM instance of a pain observation. ") can only be transformed to
an existing SOLOR concept, or to a nested post-coordinated expression consisting of existing SOLOR
concepts and attributes. In this case, the specified value does map to an existing SOLOR concept,
“Structure of right lower quadrant of abdomen,” so an accurate translation of that attribute/value pair
ispossible.

Figure 14.10. Excluded attributes of the CIM| DCM for Pain findings.

[5 9 PainAssert restricts ClinicalAssert |
* @ Information
- & key = Assertion KEY CODE
4 (@ CodeableConcept |
i <= codeableConcept.strengih = CWE

- <& codeableConcept.valueset = SCT-40468400 [Clinical Finding (finding)]
- & codeableConcept.code = SCT-22253000 [Pain (finding)]

L1[e])]
- & key = DateOfOnset_KEY_CODE
- (B DateTime
[+ @ bodyLocationPrecoord BodyLocationPrecoord [0-M] |
- i@ Information
- & key = BodyLocationPrecoord_KEY_CODE
4. (@ CodeableConcept
- < codeableConcept strength = CWE
.. s codeableConcept valueset = SCT-91723000 [Anatomical structure (body structure)
- ([) aseerrTEeRa: ondimeTr mesesiatedPrecondition [0-M]
4- () dUrtieR-BmTEtion [T=Hm—
@y mformaton
- & key = Duration_KEY_CODE
- (1) palnFecheton PainEaareieR[0-M]
4 (1) exgresbatinT actor ExaeeeEiingFactor [0-M]
- g miormaton Not supported by SOLOR
~ & yey = ExacerbatingFactor KEY CODE — =
CodeableConcept Concept Model

When this set of constraints on the output of DCM-to-CIMI transformationsis applied, the output of trans-
forming the DCM instance shown in Figure 14.7, “ An aternative CIMI DCM instance of a pain observa-
tion. ” isthe DL expression shown in Figure 14.11, “Description-logic expression that is output of trans-
forming the CIMI DCM instance Figure 14.7, “An alternative CIMI DCM instance of a pain observation.

” N
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Figure 14.11. Description-logic expression that is output of transforming the
CIMI DCM instance Figure 14.7, “An alternative CIMI DCM instance of a pain
observation. ”.

SubClassOf:
Pain and
( Finding site some Structure of right lower quadrant of abdomen)

22253000
Pain {finding)

e
i’

A
w
T

g

3698007 \1‘|l » 48544008
inding site (atribute) %{l Stucture of right lower quadrant of abdomen (body struciure)

14.1.4. Choice of Transformation Languages

A number of options exist for expressing the transformation logic for CIMI-to-SOLOR translations and
for executing the transformation on specific instances of CIMI DCMs. This section discusses several of
the options and the trade-offs among them.

14.1.4.1. XSLT

XSLT isaW3C-standard language for the transformation of structured data®. X SLT transformation scri pts
take as input any valid XML document and produce as output an ASCII-formatted document (including
XML, HTML, other formatting languages, free text, etc.). The XSLT language specifies transformations
through declarative, rule-based commands (see below).

XSLT iswidely used in modern information processing, including in health care applications. Numerous
XLST transformation engines exist, including commercial and open-source versions. These implemen-
tations are mature, stable, and high-performance, and are available as runtime libraries or embedded in
XLST authoring/editing applications. Excellent documentation and training are available for XSLT.

14.1.4.1.1. Overview of Language and Data Model

XSLT scripts operate over source “trees’ containing the structured contents of parsed XML documents.
These trees contain as their nodes the various constructs of specific XML documents, i.e., the named
elements, attributes, and text values that appear in the documents. Figure 14.7, “An alternative CIMI
DCM instance of a pain observation. ” in the preceding section shows a sample XML document that,
upon parsing, becomes a source tree for XSLT transformations. This tree will include the elements
“PainAssert”, “ Archetype”, and “DateOfOnset”, the attributes “ archetypeld” and “ dateTime”, and the text
values “4784894573" and “2017-04-21 00:00:000".

XSLT uses the sub-language “ X Path” % to reference portions of the XML source tree for purposes of nav-
igating the tree and selecting specific parts of it to trandate. XPath is essentially a query language for
identifying and retrieving XML sub-trees that match specified criteria. For example, the X Path query

/PainAssert//Code] @codingSystem !=* SCT' ]/ @text

will return the value of the “text” attribute for every “Code” element that appears within a “ PainAssert”
element and does not have a “codingSystem” attribute value equal to “ SCT”. When executed against the

8 https://en.wikipedia.org/wiki/XSLT (Accessed 9/30/2017).

9 https://en.wikipedia.org/wiki/X Path (Accessed 9/30/2017).
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XML document of Figure 14.7, “ An alternative CIMI DCM instance of apain observation. ”, for example,
this query would return the text value “ Eating”.

The actua transformation logic in XLST scripts is specified as a series of “templates’. Each template
matches to a specified sub-part of the source tree and specifies what output will be generated for that
sub-part. Template are generally called from within other templates via a declarative template-matching
process, and arecursive traversal and transformation of the input tree occurs through this template-invo-
cation model. The transformation logic within templates may include various conditional, branching, and
formatting constructs, as well as calls to external functions written in various programming languages
(such as Java).

Figure 14.12, “Sample XSLT Transformation Script.” shows an excerpt from an XSLT transformation
script used to transform the CIMI DCM instancein Figure 14.7, “An alternative CIMI DCM instance of a
pain observation. ”. Note that the transformation output is specified as any text (including XML elements)
that isnot preceded by the XML namespace prefix “xd:”. Inthiscase, the output includesthe XML element
“SubClassOf”, whichisan el ement namein the OWL/XML syntax used to render the SOL OR DL output of
aCIMI-to-SOL OR transformation (see Figure 14.13, “Output of the XSL T scriptin Figure 14.12, “ Sample
XSLT Transformation Script.” run against the CIMI DCM instance in Figure 14.7, “An aternative CIMI

DCM instance of a pain observation. ”.” for the complete OWL/XML output of the transformation).

Figure 14.12. Sample XSLT Transformation Script.

<xsl stylesheet version="2.0">
<xsl:output method="xml"/>

<xsltemplate match="|["
<xsl.apply-templates sele
<xsl:apply-templates selé <l >
<xsl-apply-templates select= 'L‘abResuI‘t\: <l-- : -

<fxsl-template> T A Templates

_.\sl apply _I.EEIJQJBLE_S "BodyL ocationPrecoord"/>
| </Objectinter &.ELtalOf"

L <_5_Ub§ assOf> _ _ _ _ . T Transformation output

= XPath expressions

“http:/fwww termspace com/export owl#{Code/@code}"/> —————— Conditional logic

"Cuchz!@cadlnng~ stem I="SCT">

name="codeSystem” select="Code/@codingSystem"/>| . External function call
name="codeValue" ¢ -.—Cd=@cat§= > e
=&t Class IRI="http:{/www termspace com/export owlf</xs| text> ]
|C:-;5I value-of select="pf CodeTranslator. getSolorCode(ScodeSystem, ScodeValue)” 3| <l -
<xsl t?xt:>"&g1.<-'><sl text>

<fxslif>
<fxsl:template>
<fxsl stylesheet>

14.1.4.1.2. Example Transformation

TheXSLT excerpt shownin Figure14.12, “ Sample XSLT Transformation Script.” ispart of alarger XSLT
script that can trandlate any instance of the CIMI DCM specificin Figure 14.8, “ An alternative CIM| DCM
for pain observations. ” into an appropriate SOLOR DL expression. In the case of this script, the output
is rendered using the OWL/XML Syntax, although (as discussed in Section Section 14.1.3.3, * Outputs”)
any number of equivalent syntaxes could be used to render the OWL 2 EL output of the trandation.
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Figure 14.13, “Output of the XSLT script in Figure 14.12, “Sample XSLT Transformation Script.” run
against the CIMI DCM instancein Figure 14.7, “An alternative CIMI DCM instance of apain observation.

”.” showsthe actual result of executing the XSLT script on the CIMI DCM instance shown in Figure 14.7,
“An alternative CIMI DCM instance of apain observation. ”. The resulting DL expression can be directly
loaded into a SOLOR terminology reasoner and classified with respect to all of the other conceptsin the
terminology. The result of this classification would be the subsumption hierarchy shown in Figure 14.5,
“Inferred subsumption hierarchy. ", which can be used subsequently to infer that the original CIMI DCM
instance matches the query condition for patients with abdominal pain:

WHERE SOLOR-Expression(Findings) Is-A SOLOR-Code(* Abdominal Pain”)

Figure 14.13. Output of the XSLT script in Figure 14.12, “Sample XSLT
Transformation Script.” run against the CIM|1 DCM instancein Figure 14.7, “ An
alternative CIM|1 DCM instance of a pain observation. ”

Unique ID of Data Instance ‘

Pain (finding)

<7xml version="1.0" encoding="UTF-8"7>
<SubCIassOf> e
<Class IRI="http:/fwww_termspace_com/export. 0w|#1251000161104 f>
<Ob;e:t|nlersechon0f> :
<Class IRI="http://www.termspace.com/export. owl#22253000 f>
<0bjectSomeValuesFrom= .
<ObjectProperty IRI="http://www.termspace.com/export owI#BOBO%UOU I
<ObjectSomeValuesFrom>
<0ObjectProperty IRI="http://www_termspace_com/export. owl#363698007"/>
<Class |IRI="http://www.termspace.com/export owl#48544008 [
</ObjectSomeValuesFrom> . T ... . .
</ObjectSomeValuesFrom> ’ | Finding site (attribute) ‘
</ObjectintersectionOf=
</SubClassOf>

‘ Role group (attribute) ‘

Structure of RLQ of abdomen (body structure) ‘

14.1.4.1.3. Advantages and Limitations

XSLT is effective in representing and executing the transformation logic needed for CIMI-to-SOLOR
trandations, at least in alimited set of test cases explored. In general, XSLT provides various advantages,
aswell as limitations, for this task.

Advantages

» A powerful language

 Declarative — automated matching of templates to data

» Extensible via extension functions and externa function calls

* Many mature implementations

Good tooling (e.g., Eclipse plugin, XML Spy)
» Good documentation

Limitations
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 Transformation specifications are verbose and hard to read/understand/debug/maintain
e Transformation are entirely syntactic

e Limited to XML input — CIMI DCM instances rendered in other formats cannot be translated

14.1.4.2. FHIR Mapping Language

The FHIR mapping language (FM L)10 isarelatively new, bespoke transformation language specifically
designed to transform HL7 FHI R resources to alternative representations, including different FHIR re-
sources, C/CDE documents, etc. The mapping language was created by Graham Grieve as a specification
of the QVT framework for model-transformation languages (see Section Section 14.1.4.3, “QVT").

14.1.4.2.1. Overview of Language and Data Model

Conceptualy, FML is similar to XSLT in that it () consists of declarative rules that are automatically
matched to input data, (b) includes a sub-language (“FHIRPath”) to reference parts of source parse trees,
and (c) hasthe ahility to reference external functionswritten in different languages. There are also notable
differences between FML and XSLT. FHIR inputs are not constrained to XML documents, but may in-
clude any object models and rendering syntaxes conformant with OMG’s Meta Object Facility (MOF)
Ianguagelz. MOF isageneral formalism for representing object modelsasdirected acyclic graphs (DAGS),
and MOF-compliant models can use various syntactic constructs to represent the classes, attributes, and
attribute values of such graphs.

Hence, in FML, thereis no built-in notion of source trees containing XML “elements’, “attributes’, “com-
ments’, “namespaces’, etc. In fact, FML transformation rules do not specify any target syntax for inputs
or outputs, just the general concepts of named classes, class members, and member values. This flexibili-
ty would allow CIMI-to-SOLOR transformation inputs to be represented in different formats than XML,
werethat to be deemed preferable. For example, instances rendered using JSON, ODI N®3 or ASN1 syntax
could be the inputs of FML transformations.

14.1.4.2.2. Example Transformation

Figure 14.14, “Sample FHIR Mapping Language script.” shows an excerpt from a transformation script
written inthe FHIR mapping language. This particular script transl ates prostate cancer reportsformatted in
anon- standard HL7 FHIR format'* to equivalent reports formatted as standard FHIR Diagnostic Report
resources. Note that the script references classes in the input and output data models, such as “Prostate”
and “DiagnosticReport”, respectively. The script may do this because the MOF-compliant models for
the input and output instances are specified in the first line of the script, and these models include the
“Prostate” and “ DiagnosticReport” classes, respectively. Note also how the script iteratively traverses the
input instance, first addressing and trandating the top-level node (“Prostate”), then addressing its child
nodes (“ Prostate.subject” and “Prostate.performer”).

10 ttps:/iwww.hl 7.org/fhir/mapping-language. html (Accessed 9/30/2017).

1 https:/Avww.hl 7.org/fhir/index.html (Accessed 9/30/2017).

12 ttp:/Avww.oma.org/mof/ (Accessed 9/30/2017).

Bttp:/avww.openehr.org/rel eases/BA SE/l atest/docs/odin/odin.html (Accessed 9/30/2017).

11 this case, the Royal College of Pathologists of Australasia (RCPA) standard structured report for prostate cancer (see http:/fhir.hl7.org.au/
fhir/rcpa/prostate.html).
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Figure 14.14. Sample FHIR Mapping L anguage script.

map "http://fhir.hl7.org.au/fhir/rcpa/StructureMap/ProstateMap™ = "Prostate Ca Report —--»> FHIR DiagnosticReport™
uses "hrop://fhir.hl7.org.au/fhir/recpa/SctructureDefinition/ProstateCaReport™ as source

group for types FrostateCaReport
input scurce : ProstateCaReport as source

Prostate : for source
make create ("DiagnosticReport”™) as cdr, cdr.status = "final"™,
cdr.code = ec("http://snomed.info/sct™, "7923847102") then {

Prostate.subject : for source.subject : Reference 1..1 as v
make cdr.subject = v
Prostate.performer : for source.performer : Reference 0..1 as v
make cdr.performer as pr, Dr.actor = v

endgroup

The output of an FML transformation is not a text-rendered document (unlike XSLT), but an internally
stored DAG consistent with the specified output model (in the case above, the logical model of the FHIR
DiagnosticReport resource). Subsequently, the DAG may be rendered in any number of syntaxes, including
XML, JSON, or the tables and fields of arelational database. For example, Figure 14.15, “Output of the
sample FHIR Mapping L anguage script, rendered asXML.” and Figure 14.16, “ Output of the sample FHIR
Mapping L anguage script, rendered as JSON.” show the outputs of the FML transformation script shown
in Figure 14.14, “ Sample FHIR Mapping L anguage script.” rendered as XML and JSON, respectively.
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Figure 14.15. Output of the sample FHIR Mapping Language script, rendered as
XML.

<Bundle xmins="http://hI7 org/fhir"=
<id value="Prostate-genexample-1-map"/=
<type value="collection"/=
<entry>
=fullUrl value="http://fhir_hI7 org.au/thir/rcpa/DiagnosticReport/1"/=
<resource:
<DiagnosticReport=
<id value="1"/>»
<status value="final"/=
<code=
=coding>
<gystem value="http://snomed.info/sct"/>
<code value="7923847102"/>
</coding=
</codex
<subject=
<reference value="Patient/8003608166687160"/=
</subject=
<performer=
<actor=
<reference value="Organization/8003623233350148"/=
</actor=
</performer=
<reguest>
<reference value="ProcedureRequest/1"/=
</request>
</DiagnosticReport=
</resource=
<fentry>
=/Bundle>
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Figure 14.16. Output of the sample FHIR Mapping Language script, rendered as
JSON.

{ "rescurcelype™ : "Bundle",
"id" : "Prostate-genexample-1",
"type™ : "collection"™,

"entry™ i [
{
"fullUrl™ : "hettp://fhir.hl7.org.au/fhir/repa/DiagnosticRepore/1™,

"resource” @ {
"resourceIype™ : "DiagnosticReport™,
mid® : miw,
"acatus"™ : "final"™,
"code™ : {
"oeoding™ : |
{ "system" : "http://snomed.info/=sct™,

"code™ : "T7323847102"7 }
1
Fa

Taubject™ : {"reference"™ : "Pacient/EB003608B1E6668T7160" },
"performer™ : [

{ "actor" : { "refarence" : "Organization,/8003623233350148" }
1.
"request”™ : [

{ "reference®™ : "ProcedureReguest/1" }

14.1.4.2.3. Advantages and Limitations

The FHIR Mapping L anguage may also be effectivein representing and executing the transformation logic
needed for CIMI-to-SOLOR trandations. Aswith XSLT, however, there exist certain trade-offsinits use.

Advantages
 Support for input formats other than XML

» Transformation logic produces semantic DAGs, which can be subsequently rendered in a variety of
syntaxes.

» The mapping specifications are more concise and easy to read/understand than XLST
Limitations

* Inputs/outputs other than FHIR logical models currently require additional custom programming
* Only XML and JSON are currently supported as output syntaxes without custom programming

* Only one implementation to date (as alibrary)

 Limited tools for authoring/editing transformation scripts
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» Limited sources of documentation

» Few knowledgeable programmers

14.1.4.3. QVT

A third alternative isto devel op a new transformation language customized to support the requirements of
CIMI-to-SOLOR trand ations, based on the QVT language used to develop the FHIR Mapping Language.

14.1.4.3.1. Overview

QvT®Risa general model -transformation framework and language devel oped by the Object Management
Group . Itincludesboth animperative (“ QVT-O") and adeclarative (“QVT-R”") version, and offers consid-
erable flexibility in defining the constructs of purpose-specific transformation languages. Although QVT
isintended for the transformation of data models rather than data instances, the FHIR Mapping L anguage
shows that it can be applied to the latter task as well.

A number of implementations of QVT exist as open-source and commercial software offerings. These
include:

* ATL (open source). Probably the most widely used and maintained of the available implementations.
Includes alibrary of existing QVT transformations, to serve as examples and templates.

 Eclipse M2M Project (open source). An Eclipse project that includes authoring tools for QVT transfor-
mations, as well as various transformation engines (including the one from ATL).

» ModelMorf (proprietary)

* Others (see https.//en.wikipedia.org/wiki/QVT)

14.1.4.3.2. Advantages and Limitations

The strength of QV T isthat it isvery abstract, which confers great flexibility and configurability to create
custom transformation languages. However, the abstractness also makes QV T quite difficult to understand
and learn, and there arelimited resourcesto assist in thelearning process. For example, asearch on Amazon
Books for references on the QVT framework yielded only 8 relevant results, most of which were not in
English. In contrast, asimilar search for XSLT references returned 270 results.

14.1.4.4. Recommendations

Given the requirements of the CIMI-to-SOL OR transformation task and the features of available transfor-
mation languages, the following two-pronged approach is recommended at thistime:

1. Perform further sample CIMI-to-SOLOR transformations using XSLT. This pilot activity will shed
further light on the feasibility of XSLT for the task, the effective use of external functions, and the
readability/maintainability of the resulting transformation scripts.

2. In paralél, explore the customization and use of a QV T-based transformation language for CIMI-to-
SOLOR transformations. This approach will allow for the rendering of CIMI DCM instances in for-
mats other than XML. Pilot use of QVT will enable comparison with XSLT in terms of (a) feasibility,
conciseness, and maintainability of transformation scripts, (b) utility of the available tooling and doc-
umentation for QV'T, and (3) the required customization effort to create a production CIMI-to-SOLOR
transformation capability based on QVT.

Bhttp://www.omg.org/spec/QV T/1.2/PDF/ (Accessed 9/30/2017).
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14.1.5. Conclusion

A semantically correct and efficient model for translating CIMI DCM instances to SOLOR DL expres-
sions could confer the benefits of both the object-oriented and description-logic models to clinical data
management. Reconciliation and trandation between the two models, however, is in an early phase of
exploration. Considerable further work, as outlined in this whitepaper, is needed to demonstrate the feasi-
bility of such tranglationsand the utility of the resulting DL expressionsfor dataanalysis, decision support,
and quality improvement.
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15. KNART statement supports

KNARTS support the creation of statements through standardized questionnaires and order sets.
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16. KOMET support for statements
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23. Data Registries

Data registries are organised systems with a 'predetermined scientific, clinical or public health purpose.’
Dataregistries are used to prospectively collect, analyse and disseminate data rel ated to a population with
specific characteristicsin common, for example people with a particular condition, having a certain treat-
ment or using a health-related service. They are cohort studies that are developed with a predetermined
health-related aim.

Registry limitations:*

Quality of data and methods: patient registries are only as good as the underlying data collection
and methods. It is critical that the research design is robust and the relevant outcomes are defined

appropriately.

Incorrect or missing data: problems with remembering information or recalling information cor-
rectly can be an issue with patient-reported data.

Confounding and bias: there may be issues such as channeling bias to newer treatments for sicker
patients, information bias and selection bias.

Heavy investment in time and resour ces: commitment and engagement are needed from partici-
pating patients. It can be difficult to recruit patients and it can take time to accumulate data, resulting
in delays between data collection and reporting (sometimes years). Such data can become out of date
in fast-changing disease aress.

Lack of standards and uniformity: lack of standardised data collection across hospitals, regions
and countries prevents the pooling of data across registries.

Lack of comparator: in product-specific registries having no comparator prevents assessment of
relative effectiveness.

Ihttps://rwe-navigator.eu/use-real -worl d-evidence/sources-of -real -worl d-data/patient-registries/
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24. Instance persistence

24.1.

24.2.

Walter Sujansky
Introduction

This document is atechnical white paper that describes various options for representing post-coordinated
expressionsencodedin SNOMED CT (SCT) and for supporting query processing against such expressions.

This document first provides a brief background on post-coordination in SCT and describes the scope of
our analysis. Thereport next describes the requirements for managing clinical observationsthat were used
to inform the analysis. The following section presents a set of relevant design dimensions and specific
design options for each dimension. Lastly, the report presents a set of recommendations with respect to
each design dimension, as well as an exampl e observation instance encoded per these recommendations.

Background and Scope

Healthcare organi zations are striving to capture and store clinical observationsin an electronic format. The
goal of thisproject isto standardi ze the storage of observationsin order to enable the sharing of observation
data among clinical applications (such asinpatient and outpatient EHRs) and the centralization of services
that automatically process observation data (such as reporting and decision support services).

The standardization of clinical observations in a manner that supports automated processing requires a
formal terminology model. The most important requirements of such a terminology model are that (1) it
can represent any clinician-specified observation accurately and precisely and (2) it can support automat-
ed query and retrieval operations correctly and efficiently. Many healthcare organizations have selected
SNOMED CT (SCT) for its clinical observation terminology model.

SCT consists of alarge set of pre-defined medical concepts (currently > 350,000 concepts) that are hier-
archically organized and inter-related. The size of SCT helps the terminology meet the first requirement
noted above, i.e. adequate coverage of the observations that clinicians need to document. The hierarchical
and other relationships within SCT help it meet the second requirement, i.e., support for relevant query
and retrieval operations. To illustrate the contents and structure of the SCT terminology, the following
graphic shows a subset of the pre-defined concepts that might be used to populate amedical record:

| SNOMED Clinical Terms Concept I
|

I disease I

e

[ disease of respiratory system I

| | infectious disease |
I disease of lung I

I pneumonia
I infective pneumonia | I bacterial infectious disease l
\ /
I bacterial pneumonia I
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Using SCT, aclinician can document that a patient has bacterial pneumonia by specifying in the patient’s
record the unique SCT identifier for that concept, i.e., the clinician would add the following entry:

Bacterial Pneumonia (ConceptI D = 53084003)

Additionally, areporting program would usethe SCT hierarchy to automatically retrievethe samepatient’s
record in responseto the query “retrieve al patients with any infectious disease (Infectious Disease : Con-
ceptlD = 40733004) on their problem list”. The program could automatically determine whether bacterial
pneumonia (Bacterial Pneumonia: ConceptlD = 53084003) is an infectious disease (Infectious Disease :
Conceptl D = 40733004) by using a process called subsumption testing.

Importantly, SCT also supports the ability to express new medical concepts by combining pre-existing
ones. This process, called post-coordination, enables clinicians who use SCT to express observations that
do not appear as pre-defined concepts in the terminology, thereby vastly increasing SCT's expressive
power. For example, a clinician could document that a patient has “bacteria pneumonia caused by me-
thicillin-resistant Staph. Aureus’ by combining the pre-existing concept “bacterial pneumonia’” with the
pre-existing concept “Methicillin Resistant Staph. Aureus’ and specifying that the latter isthe “causative
agent” of theformer. The patient’s medical record would then contain an entry consisting of the following
expression:

Bacterial Pneumonia (Conceptl D = 53084003) : Causative Agent (Conceptl D=246075003) = Methicillin
Resistant Staph. Aureus (Conceptl D=115329001)

If specified correctly, post-coordinated expressions also support subsumption testing. Hence, the patient
whose record contains the expression above would also be identified by the query “find all patients with
adiagnosis of any infectious disease (Infectious Disease : ConceptID = 40733004) in their record.”

For additional background information on the SNOMED terms and concepts used in this report, please
see the glossary in Appendix A.

Although very useful, post-coordination creates anumber of practical challenges for information systems
that support this capability. The foremost challenge, and the onethat has been most studied, isthe design of
user interfacesthat enable cliniciansto create post-coordinated expressions efficiently, intuitively, andina
manner that is consistent with the SCT terminology model. However, another important set of challenges
pertain to the management of post-coordinated expressions after they have been specified by clinicians.
These management tasks include the appropriate persistence of post-coordinated observationsin a patient
database and efficient subsumption testing against recordsthat include post-coordinated observations. This
report addresses those data-management challenges, which include:

» Determining the degree of transformation and normalization to apply to post-coordinated expressions
when they are persisted in a database. What transformations and normalizations appropriately balance
the needs of storage efficiency, retrieva performance, terminology evolution, and medicolegal require-
ments?

 Determining the specific structure and syntax for representing post-coordinated expressions when they
are persisted in a database. What structure and syntax appropriately balance the needs of storage effi-
ciency, retrieval performance, interoperability, and software evolution?

» Determining the appropriate way to represent the contextual modifiers for observations within post-
coordinated expressions. For example, representing modifiers that indicate whether an observation is
acurrent diagnosis for the patient, a past medical problem of the patient, or a disorder in the patient’s
family history.

 Determining appropriate strategies for optimizing the performance of subsumption testing against post-
coordinated expressions (a critical but inherently costly operation). Potential strategies include main-
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24.3

taining a transitive closure of the SCT hierarchy and incorporating post-coordinated concepts into the
SCT terminology model (“just-in-time pre-coordination”).

Thereport first summarizes requirements for managing clinical observationsthat pertain to the persistence
and processing of post-coordinated SCT expressions. The report then describes various options for ad-
dressing the challenges listed above, including advantages and disadvantages, and concludes with specific
technical recommendations.

The sections below use the following terms, as defined by the SCT terminology model. For readers not
familiar with these terms, a glossary appearsin Appendix A.

concept Concept Attribute Relationship Concept Definition Pre-coordinated concept Expression Post-co-
ordinated Expression Refinement Focus Concept Subsumption Testing Equivalence Testing Predicate Ex-
pression Candidate Expression

Requirements and Assumptions

The recommendations in this report are based on requirements and assumptions related to the electronic
capture, storage, and analysis of clinical observations. Although the requirements for managing observa-
tions cover many areas, such as terminology maintenance, data entry, and validation, the items below in-
clude only those requirements most rel evant to the persistence and subsumption testing of post-coordinat-
ed observation expressions. These requirements fall into several categories.

24.3.1. Expressivity Requirements

Therepresentati on of observation expressions must fully and unambiguously capture the meaningintended
by the documenting clinician. The representations of captured observations must support review by clinical
care giverswith no loss of information or change in meaning. Thisis critical for safe and effective clinical
care. The representations must also support automated processing with a minimum of information loss or
distortion (although 100% fidelity may not be possible or needed).

One of the purposes of using SCT for eectronic health records is to support the expressivity needs of
both human users and computer processes. Free text provides expressivity for human users at the cost of
reliable automated analysis. Traditional coding systems, such as ICD-9-CM, support automated analysis
at the cost (sometimes) of rich and accurate clinical expressivity. Thefollowing alternative representations
of an observation show some of the trade-offs.

Free Text: “Fx L femur 2°to MVA”

Thisistheform that aclinician might document in amedical record, if unconstrained by acoding system or
terminology model. It is concise and understandabl e to clinicians, but would require sophisticated natural
language processing to support automated analysis.

ICD-9-CM: 821.00 (Fracture of unspecified part of femur closed)

This is the code that a clinician might select if constrained to the list of ICD-9-CM codes. It supports
certain automated analyses (such as classification), but does not fully express the clinical observation.
For example, although there do exist additional “E” codes that specify the cause of injuries, E codes are
optional for billing purposes and unlikely to be assigned by clinicians. Also, ICD-9-CM does not specify
the laterality of limb fractures.

SCT Post-coordinated expression: Fracture of Femur : Finding Site= Structure of Femur : Laterality = Left,

This is the post-coordinated expression that is consistent with the SCT terminology model. It consists
of aformal representation this is amenable to classification as a “fracture” or an “injury of left lower
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extremity” via subsumption testing. Although SCT does contain a concept for “motor vehicle accident,”
the terminology model does not currently allow (“sanction”) that this concept be designated asthe cause of
aninjury. Specifying the cause would require adding afree-text annotation to the expression (for example,
the text “due to MVA™). Such an annotation would fall outside the SCT terminology model. By allowing
such annotations, the complete clinical information may be captured, although only the structured SCT
expression is amenable to automated analysis. Specifically, subsumption testing could not automatically
classify the observation as an “injury due to a motor vehicle accident”

Text rendition of SCT post-coordinated expression: “Fracture of femur, left, dueto MVA”

Thisisthe text rendition of the post-coordinated expression, intended for human review. The full expres-
sion has been condensed to remove redundant information, and the free-text annotation has been appended.
Likethefree-text expression, it isconcise and complete. Unlike the free-text expression, it correspondsto a
structured representati on that supports (some) automated processing based on aformal terminology model.

24.3.2. Retrieval and Analysis Requirements

The post-coordinated SCT expressions stored in the medical record must support a number of different
tasks (use cases):

1. Human review of anindividual patient's medical record in the course of providing or reviewing that
patient’s clinical care. Examples include display of the medical record to a primary care physician,
referred specialist, emergency-room physician, disease-management nurse, insurance claims reviewer
or medical malpractice attorney.

2. Application of automated decision-support |logic to anindividual patient’s medical record to improve
the provision, review, or billing of that patient’s clinical care. Examplesinclude guideline software that
suggest needed interventions during a clinical encounter or coding software that suggests the optimal
billing codes for aclinical encounter.

3. Search of alarge patient database for patients that match a certain clinical profile based on inclusion
and exclusion criteria. Examples include searches for patients eligible for a prospective clinical trial,
searches for patients whose data applies to a case-control study, or searches for patients with chronic
diseases who have not received needed interventions.

4. Analysis of alarge patient database to create statistical abstractions that are useful for clinical, oper-
ational, research and business purposes. Examples include the calculation of clinical quality measures
to identify variations across the enterprise, the determination of case mix to help operational planning
or insurance contracting, and the statistical analysis of electronic medical records to test research hy-
potheses.

These use cases suggest a number of specific requirements for the persistence and subsumption testing of
post-coordinated observation expressions:

» The persisted representation(s) must support complete, accurate, and familiar display of recorded ob-
servationsto human users. Thetypical user isabusy professional whosetimeis valuable and who needs
to review amedical record quickly.

» Automated decision support in the context of a specific patient’s medical record often must occur in
real time, but it does not entail alarge volume of data. Given the limited data volume, the performance
regquirements for each subsumption test are not as great as when search or analysis over an entire pa-
tient database are involved (See Section Section 24.3.3, “Performance Requirements’). However, the
observation expressions must support complete and correct inferences, because direct patient care is
often affected.
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 Search and statistical abstraction over large databases create special performance requirementsthat may
need to be addressed through the transformations of operational data structuresto (redundant) analytical
data structures and through hardware and/or software optimizations.

24.3.3. Performance Requirements

A reasonable performance criterion for a pair-wise subsumption test is 10-20 ns.

To consider the performance requirements related to subsumption testing of post-coordinated expressions,
it is useful to consider the operations involved and the steps required to perform each operation.

Automated decision support, search, and statistical abstraction all entail the following prototypical opera-
tion in a patient medical record: Evaluation of a Boolean predicate (P) against the set of observationsin
the medical record (R). The evaluation may be as simple as

P = Does R contain “myocardia infarction”?
or as complex as

P=DoesL contain “history of myocardial infarction” or “myocardial infarction” and “ status post CABG”
but NOT “family history of coronary artery disease”?

The evaluation of these expressions entails pair-wise subsumption testing between the concepts in the
predicate and the concepts in the medical record. Subsumption testing is required (rather than testing of
exact concept equivalence) because observations are recorded to varying degrees of detail. For example,
one clinician may document “myocardial infarction”, another “acute myocardia infarction”, and a third
“acute non-Q wave myocardial infarction.” Nevertheless, in all casesthe patient has atype of “myocardial
infarction,” and subsumption testing must correctly infer this.

For a predicate containing N concepts and a medical record containing M concepts, as many asN x M
subsumption tests are required to evaluate the predicate against the record (although in practice, certain
logical optimizations can reduce the actual number of subsumption tests performed, depending on the
formulation of the predicate and the contents of the record). In the typical case, one can presume that 3 —
6 subsumption tests will be required to evaluate a predicate against each problem list in amedical record,
although this may vary and should be further evaluated based on empirical data.

Prior to each pair-wise-subsumption test, the persisted observation expression must “pre-processed” as
follows:

1. The observation must be retrieved from the database (requiring one or more disk reads and certain
database manipulations, such asjoins)

2. The observation must be loaded into program memory (which may require parsing or data-type con-
version)

3. The observation must be in a representation suitable for subsumption testing (which may require nor-
malization)

The specific form in which post-coordinated observation expressions are persisted will affect the time
required to pre-process the expressions. For example, storing the normalized form of an expression will
eliminate the need for step 3 and storing a binary representation of the expression will reduce the time
required for steps 1 and 2.

Lastly, the pair-wise subsumption test is performed by the appropriate algorithm. For pre-coordinated con-
cepts, thetest may beassimple asatreetraversal or tablelookup. For post-coordinated concepts, however,
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the test entails alogical analysis of the structure of each concept in the context of the entire terminology.
Depending on the complexity of the expressions being tested and the size of the terminol ogy, subsumption
testing of post-coordinated expressions may be an expensive operation. Depending on the performance
achieved by the vendor’ s terminology engine, certain optimizations may be considered (See Sections Sec-
tion 24.4.4, “ Computation of Transitive Closure” - Section 24.4.6, “Partial Subsumption Testing of Post-
Coordinated Expressions’).

24.3.4. Medicolegal Requirements

Legal reguirements governing medical records vary by state. However, most states require the attestation
of patient care entries by the responsible author (typically via signature). Attestation confirms that the
author isthe source of the entries and is taking responsibility for the accuracy of the content. Additionally,
state law typically prohibits the subsequent modification of a patient care entry without further attestation
of the change in such away that the original entry is preserved.

Given these requirements, it is important that any system for documenting observations capture and re-
tain not only a structured internal representation of the observations (no matter how useful these may
be for computer-based processing), but also the specific textual rendition that the user entered, viewed,
and attested to. Features or operations that change or delete this textua rendition without the knowledge
and further attestation of the user present potential medicolegal risks. For example, a change to the text
rendition of an observation caused by an update to the SCT terminology (such as the designation of a
different preferred term) could potentially create medicolegal problems. At the same time, features and
operations that transform, normalize, or abbreviate the structured internal representation of a patient care
entry for purposes of technical optimization are presumably acceptable, provided that they do not alter the
representation’ s meaning such that it no longer correspondsto the textual rendition that the user attested to.

24.3.5. Terminology-Versioning Requirements

The SCT terminology isregularly updated, through both local additions and periodic mai ntenance rel eases
from the SNOMED authority. Such updates may occur as frequently as several times per year, and each
update may entail a significant number of content additions and changes. Whatever design decisions are
made with respect to the representation of post-coordinated observation expressions and the performance
of subsumption testing, the following conditions must be met:

» Terminology updates may require no manual review or editing of patient-specific data (i.e., individual
patient observations).

» Terminology updates may require no manual review or editing of application code, including queries
used in decision-support logic or reporting.

Note that these conditions do not preclude the automated review and editing of patient data and/or appli-
cation code, provided that such operations can be performed efficiently and reliably. For example, a ter-
minology update may necessitate certain formatting changesto datain patient records, provided that such
changes can be performed automatically and without risk of corrupting clinical data.

24.4. Options for Persistence and Management
of Post-Coordinated Observations

This section addresses a variety of design decisions that must be made to implement persistence and sub-
sumption testing for post-coordinated SCT expressions. Each sub-section describes a design dimension,
presents a set of relevant options, and lists the advantages and disadvantages of each option. Specific rec-
ommendations regarding each design decision are presented in Section Section 24.5, “ Recommendations’.
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The selection of options and the evaluation of their pros and cons was developed in the context of the re-
guirements and assumptions, aswell as available literature on post-coordinated expressions and subsump-
tion testing using SNOMED-CT.

24.4.1. Abstract Models and Normalization

The logical underpinnings of the SCT terminology model allow SCT expressions (including single con-
cepts) to be represented in a number of different but semantically equivalent forms (also known as “ ab-
stract models” in the SNOMED parlance). For example, the following two expressions of an observation
are semantically equivalent:

Close-to-User Form: Fracture of Femur
Long Normal Form: Disease : Associated Morphology = Fracture Finding Site = Bone Structure of Femur

The question arises as to which form or forms of an observation should be persisted in the patient record.
Different forms of an expression are best suited for different purposes and operations. For example, the
Close-to-User Formrepresentsthe expression asit wasinitially created by the user. Thisform istypically
concise and documentsthe exact expression that the clinician specified. The Long Normal Formrepresents
atransformation of the close-to-user form to a normalized form needed for subsumption testing.

Transformations among semantically equivalent forms are made possible by the logical definitions of con-
cepts and the hierarchical relationships among concepts in the SCT terminology. Importantly, the trans-
formation of an expression from one form to another can yield different results after the contents of the
SCT terminology change. For example, if arelationship is added to the definition of a concept or a new
concept is added to the SCT hierarchy, the normalized form of an expression may change.

24.4.1.1. Definitions

Close-to-User Form: The SCT expression as specified by the user or as encoded by a clinical application
to represent the semantics of asingle clinical observation.

The close-to-user form of an expression is the most faithful and unchanging representation of the infor-
mation entered. Some experts believe that, for clinical safety and accountability purposes, this should be
regarded as the primary stored and communicated form of clinical information encoded using SCT.

Example: Allergic Asthma: Course = Chronic

Short Normal Form: The normalized form of the SCT expression that is most efficient when the expression
appears as the Predicate in a subsumption test. In practice, this is the form that would typically appear
in database queries seeking patients with specific kinds of observations or combinations of observations.
Technically, the Short Normal Forms contains only non-redundant relationships that appear in the defini-
tion or refinement of the expression.

Example: Asthma: Due To = Allergic Reaction, Course = Chronic

Long Normal Form: The normalized form of the SCT expression that ismost efficient when the expression
appears as the Candidate in a subsumption test. In practice, this is the form that would typically appear
in the patient’s record. Technically, the Long Normal Forms contains all relationships that appear in the
definition or refinement of the expression, whether redundant or not.

Example: Asthma : Due To = Allergic Reaction, Associated Morphology = Obstruction, Finding Site =
Bronchial Structure, Course = Chronic

Canonical Form: (short or long): The normalized form that is needed when an expression is used in an
equivalence test. The Canonical form is the same as the Short or Long normalized form, except that the
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exact syntactic representation and sequence of relationships are standardized so that text representation of
two equivalent expressionswill belexicographically identical. The processfor testing equival ence between
two expressions entails transforming both to their canonical normalized forms and testing whether the
resulting strings are identical.

Example: 195967001 | asthma | : 116676008 | associated morphology | = 26036001 | obstruction
| ,260908002 | course | = 191268006 | chronic ,42752001 | due to | = 419076005 | alergic reaction
| ,363698007 | finding site | = 955009 | bronchial structure |

(Note that all descriptions have been normalized to lower-case text, and the sequence of relationships has
been normalized to alphabetical)

Text-Rendered Form: The text string that appears in the patient record to represent the Close-to-User
form of an SCT expression. This form is relevant when a clinical application renders post-coordinated
expressions differently than they appear in the SCT syntax. Such rendering may be needed to display an
intuitive, human-readable form of the expression. Note: Thisform is not part of the SNOMED model.

Example: Allergic Asthma, Chronic

(Text rendering of the Close-to-user form “Allergic Asthma: Course = Chronic”)

24.4.1.2. Options

The following table summarizes which forms are persisted in each of the options described:

Option Close-to-User | Short-Normal |-Long-Normal Canonical Text-Rendered
1 XXX
2 XXX XXX
3 XXX XXX XXX
4 XXX XXX XXX XXX XXX

Option 1. Store the Close-to-User form only. This form must be stored at a minimum, becauseit is re-
quired to derive al other forms. Also, thisform should be stored because it represents the concept that the
clinician directly specified as the observation. When displaying observations, dynamicaly transform the
Close-to-User form to the Text-Rendered Form (may either be done in the terminology server, or by the
client application). When performing subsumption testing against observations, dynamically transform all
expressions to their Long Normalized Forms prior to executing the test. When performing equivalence
testing involving observations, dynamically transform all expressionsto the Canonical Forms. When per-
forming subsumption testing with observations as the Predicate Expressions, dynamically transform them
to the Short Normal Forms.

PROS:
» Most disk-space efficient

» No need to recompute Long Normal Forms across entire database when the SCT terminology is ver-
sioned

« Ability for client applications or terminology services to change the text-rendering behavior without
needing to recompute Text-Rendered Form across entire database

 Equivalence testing (which requires the Canonical Form) is infrequently performed on patient data --
subsumption testing is the more common operation.
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e Useof patient data as the Predicate Expression (which benefits from the Short Normal Form) is uncom-
mon — patient datais more commonly used as the candidate expression.

CONS:

» Expressionsmust betransformed to their Long Normal Formseach time asubsumptiontestisperformed
on them, which may slow subsumption testing significantly. Subsumption testing against patient obser-
vations will be afrequent operation.

» The Text-Rendered form displayed to the clinician who entered the observation and subsequently to
al clinicians who view the medical record is not statically persisted. If the text-rendering behavior of
software is changed, the contents of the patient record, as seen by clinicians, may effectively change.

Option 2. Store the Close-to-User form and the Long Normal Form only. Dynamically generate the
other forms when needed.

PROS:
» Relatively disk-space efficient

» Long Normal Form of each expression isimmediately available as a candidate expression, improving
performance of subsumption testing

e The terminology server can immediately test whether a Close-to-User form may be unambiguously
transformed to a Long Normal Form, and prompt the calling application for more information if an
unambiguous transformation does not exist.

« Ability for client applications or terminology services to change the text-rendering behavior without
needing to recompute Text-Rendered Form across entire database

 Equivalence testing (which requires the Canonical Form) and use of observations as Predicate expres-
sions in subsumption tests are infrequent, so not persisting these formsis acceptable.

CONS:

» Need to compute Long Normal Form at the time observations are stored, which will impact the docu-
mentation of observations in a synchronous system.

* Need to recompute Long Normal Forms across entire database when the SCT terminology isversioned.
» Volatility of Text-Rendered Form displayed to users if/when the text-rendering algorithms change.

Option 3. Storethe Close-to-User form, the Text-Rendered Form, and the Long Normal Form. Dy-
namically generate the Short Normal Form and Canonical Forms when needed.

PROS:

» A persistent Text-Rendered form is more consistent with medicolegal standards for the patient record.
Improved performance for the display of the Text-Rendered Form of observations, because it does not
need to be generated dynamically for each display. No performanceimpact on entry of new observations,
because the Text-Rendered form must be computed synchronously anyway.

» Long Normal Form of each expressionisimmediately available as candidate expression, and the ability
to convert to Long Normal Form can be verified in real time.

 Equivalence testing (which requires the Canonical Form) and use of observations as the Predicate ex-
pression in subsumption tests are infrequent.
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CONS:
» Need to recompute Long Normal Forms across entire database when the SCT terminology is versioned.

 Possibly need to recompute Text-Rendered Form across entire database if/when the text-rendering al-
gorithms change (although these forms may remain unchanged for medicolegal purposes).

Option 4. Store all forms. Generate and store al forms immediately. Recompute relevant forms across
the entire database when the SCT terminology or text-rendering algorithms are updated.

PROS:

» A persistent Text-Rendered form is more consistent with medicolegal standards for the patient record,
with no detriment to performance.

» Forms for subsumption testing and equivalence testing are immediately available, maximizing perfor-
mance of these operations.

CONS:

* Least disk-space efficient. Redundant storage of forms that are semantically equivalent and can be de-
rived from a single representation.

» Needto recompute Text-Rendered Form acrossthe entire database if/when the text-rendering al gorithms
change.

* Need to recompute Long Normal Form, Short Normal Form, and Canonical Form across entire database
when the SCT terminology is versioned.

24.4.2. Structure and Syntax for Persistence

Itis possible to store any given abstract model of a post-coordinated expression in anumber of structural
and syntactical ways within a database. These aternative representations are known as “representational
forms’ inthe SNOMED parlance. For example, one could represent a post-coordinated expression (Close-
to-User form) such as

Fracture of Femur : Finding Site = Structure of Head of Femur :
Laterality = Left,
Morphology = Spiral Fracture,

Severity = Severe

inasingle relational database field as atext string with delimiters:

] Problem_Instance_ Expressions : Table

InstancelD ProblemExpression

1 7162000|Fracture of Fernur|:{383698007 Finding Site|=2812003|5tructure of Head of
Femur|:27 27410003 Laterality|=7771000|Left|}, 116675008 |Maorphology =
73737008 Fracture, Spiral| 246112005]|Severity[=244534000]Severe

Alternatively, one could represent the same expression (Close-to-User form) as a set of associated rows
inarelational database table:
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B Problem_Instance_Expressions : Table

InstancelD ParentlnstancelD | SCT_AttributelD | SCT_AttributeDesc|  SCT ValuelD SCT WalueDesc
1 7162000 Fracture of Fermnur
2 1 363695007 Finding Site 2812003 Structure of Head of Fernur
3 2 2727410003 Laterality 7771000 Left
4 1 116675005 Marphology 73737003 Fracture, Spiral
5 1 2465112005 Severity 24434000 Severe

If a Caché hierarchical database is used, the same expression could be stored as a single text data value:

Problem

7162000|Fracture of Femur|:{363698007 |Finding
Site|=2812003 |Structure of Head of
Femur|:2727410003|Laterality|=7 77 1000|Left[},1 16676008
Morphology|= 73737008|Fracture,
Spiral|,246112005|5everity|=24484000|5Severe

Alternatively, the expression could be stored as a set of data elements in a structured hierarchical tree:

Probem |
7162000 | Fracture of Femur |

Arbuke | M AZrDue

363698007 | Fnang Ske | 116676008 | Moproiogy |

Lm L vale

2512003 | Struckure of Head of Femur | 73737008 | Fracture, Spiral |
lLv ARy o aroue
2727410003 |Laweraly | 246112005 | SeverRy |
L Vale | I—- vale |
7771000 | Le® | 24454000 | Sever |

An application could retrieve and correctly process any of these representations. The selection of repre-
sentational forms for post-coordinated observation expressions impacts the following properties of an in-
formation system:

 Storage and retrieval performance

 Processing performance (i.e., subsumption testing)

* Interoperability
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» Development and maintenance costs

This section analyzes options regarding representational formsfor the medical record systemin the context
of the functional requirementsin Section Section 24.3, “ Requirements and Assumptions’ The discussion
first addresses representation in arelational database, and then covers representation in an object-oriented
database (such as Caché).

24.4.2.1. SNOMED Compositional Grammar

The SNOMED compositional grammar is a BNF grammar developed by the SNOMED authority to rep-
resent SCT expressions as single, parse-able text stri ngsl. An example observation expression represented
in the compositional grammar is:

7162000| Fracture of Fenur|:{363698007| Finding Site|=2812003| Structure
of Head of Femur|:2727410003| Lateral ity|=7771000| Left|}, 116676008| Mor -
phol ogy| = 73737008| Fracture, Spiral|,246112005| Severity|=24484000]| Se-
vere

The grammar specifies that each SCT concept and attribute within an expression is represented by its
concept ID and (optionally) a text description. The relationships among concepts are specified by the
appropriate positioning of reserved-character delimiters (specifically, theset“ : =, {} ()|”).

PROS:
» Concise (especialy if text descriptions are omitted)

 Efficient retrieval - allows an entire concept to be retrieved with a read operation on asingle field of a
single relational table (if arelationa databaseis used); requires no relational joins to retrieve an entire
concept, regardless of its size or complexity

« Efficient storage — alows an entire concept to be persisted with awrite operation to asingle field of a
single relational table or to asingle array cell in ahierarchical database.

CONS:

* No logical operations are possible on observation expressions as they appear in the database. Specifi-
cally, SQL-based or ObjectScript-based searches of the database for specific SCT observations or ob-
servation attributes are not possible. All such searching must be done outside of the database within
middleware that is capable of parsing and processing SCT expressions. Such additional middleware
will have to be purchased or devel oped (Note: Given the need for subsumption testing, an operation not
supported by any commercia relational database engine, such additional middleware will need to be
procured regardless of the representational form in which observations are persisted.).

* No logical operations are possible on observation expressions until a processing engine parses the ex-
pressions and constructs corresponding in-memory data structures. The performance of queries against
large data sets (e.g., for quality reporting or clinical research) will be negatively impacted by this re-
quirement, and even real-time queries against smaller data sets (e.g., for decision support rules) may
be prohibitively slowed. An alternative approach would be to store the binary images (“BLOBS") of
observation expressions (as defined by the proprietary software systems that will process those expres-
sions). This approach would obviate the need to parse the expressions and algorithmically build corre-
sponding data structures. The value of such an approach depends on the processing time required to
construct in-memory data structures from the SNOMED compositional grammar relative to the time
required to perform subsumption testing subsequent to the construction of the data structures. If thetime

The complete BNF grammar is specified in http://www.snomed.org/snomedct/documents/abstract_models_and_representational_forms.pdf
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required for subsumption testing dwarfs the time required to construct the data structures, the storage of
binary images may not be worthwhile (given the potential maintenance costs — see discussion of binary
images below).

» Thesyntax of the compositional grammar is not an industry standard (unlike XML — see below), so that
few if any commercial toolsexist for parsing compositional grammar expressions and buil ding/process-
ing the in-memory data structures that such parsing generates.

» Theexpressions offer minimal human readability (especialy if text descriptions are omitted). Although
expressions rendered in the compositional grammar will never be displayed to clinician users, program-
mers and analysts may wish to review them for debugging purposes.

Note: The SNOMED compositional grammar isrelatively new and currently used for demonstration pur-
poses only. Specifically, it isnot an industry standard that is supported by commercial tools and it may be
subject to change as experience with it increases. Therefore, if PHS chooses to use acompositional gram-
mar to represent observation expressions, it could modify the SNOMED compositional grammar to better
meet its needs. For example, the PHS compositional grammar could require concepts to be represented
using HLE GUIDs in addition to or instead of SNOMED Concept IDs. Also, any errors or omissionsin
the grammar that PHS uncovers could be addressed without the need to maintain consistency with the
“official” SNOMED compositional grammar.

24.4.2.2. HL7 CD Data type (XML)

The HL7 Concept Descriptor (CD) datatypeisamodel devel oped within HL7 version 3.0 for representing
concept expressions. Instances of the CD data type are rendered as XML expressions consistent with a
defined XML schema. The XML schemafor the HL7 CD datatypeisvery similar to the SNOMED concept
grammar, with the following exceptions: (1) TheHL7 CD datatype specifies that concept expressions are
rendered as standard XML elements, and (2) the HL7 CD data type does not allow multiple SCT concepts
to be combined asthe top-level focus concept of aconcept expression (e.g., “ Fractureof Tibia” + “Fracture
of Fibula").

For exampl e, the same post-coordinated expression shown in Section Section 24.4.2.1, “SNOMED Com-
positional Grammar” isrendered in the HL7 CD datatype as follows:

<code codeSystem="2.16.840.1.113883.6.96" code="7162000" di spl ayNanme="
Fracture of Ferur">

<qualifier>

<name code="363698007" di splayName="Finding Site"/>

<val ue code="2812003" di spl ayName="Structure of Head of Ferur">
<qualifier>

<nanme code="2727410003" displ ayNane="Laterality"/>

<val ue code="7771000" di spl ayNanme="Left"/>

</qualifier>

</qualifier>

<qual ifier>

<nanme code="116676008" di spl ayNanme="Mor phol ogy"/ >
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<val ue code="73737008" di spl ayName="Fracture, Spiral">
</qualifier>

<qualifier>

<nanme code="246112005" di spl ayName="Severity"/>

<val ue code="24484000" di spl ayName="Severe"/>
</qualifier>

</ code>

Whether arelationa or hierarchical database is used, the HL7 CD datatype could represent post-coordi-
nated expressions as an aternative to the SNOMED compositional grammar.

PROS:

e HL7 CD renderings of SCT expressions are also single, discrete text strings. Hence, the same benefits
exists with regards to retrieval and storage performance as do in using the SNOMED compositional
grammar.

» Relative to the SNOMED compositional grammar, certain logical operations on observation ex-
pressions may be possible within the database management system. Specifically, a number
of commercial DBMSs now include facilities to query within data elements that are XML-
typed. For example, an SQL query could retrieve al observations that are severe by including
the selection criterion “...WHERE observation.code.qualifier.name.displayName= *“Severity” and
observation.code.qualifier.value.displayName= “ Severe”). (Although | do not believe that Caché cur-
rently supports such operations.)

» Use of standard XML allows application developers to leverage many open-source and commercially
availableresourcesfor generating, parsing, validating, and processing XML data. Thetask of devel oping
and maintaining interfaces between patient databases and the decision-support and analytical tools that
process patient data would be somewhat reduced if a representation based on XML were used.

* A representational form based on HL7 isthe most likely to emerge asan industry standard. If SCT, itself,
iswidely adopted, then athriving market of tools might appear for processing patient dataencoded inthe
HL7 CD datatype, which would give PHS more product choicesfor querying, analyzing, and displaying
the medical record data already persisted in its patient databases. Additionally, the HL7 CD data type
is consistent with the HL7 v3.0 messaging model. If and when v3.0 messaging is widely supported,
the representation of observations as CD data types would allow PHS to exchange medical record data
seamlessly among its own applications and applications at other institutions. Note: Adoption of v3.0is
probably along way off in the United States, however.

CONS:

» XML issignificantly moreverbose and | ess di sk-space efficient than the SNOMED compositional gram-
mar. The post-coordinated “Fracture of Femur” expression required 200 characters to encode in the
SNOMED compositional grammar, but 590 charactersin the HL7 CD datatype. Even asimple expres-
sion consisting of asingle SCT concept (such as “Pneumonia’) requires 85 charactersin the HL7 CD
rendition, while only 22 in the SNOMED compositional grammar.

 Although ostensibly a standard, the XML schema for the HL7 CD data type may need to change in
response to extensions to the SCT terminology model. For example, the incorporation of Facets into
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the SCT model would require the addition of anew XML tag to the CD datatype to fully represent the
facets of SCT expressions. Coordination between HL7 and SNOMED would then be required to allow
SCT usersto leverage extensions to the SCT model within their HL7-compliant applications.

24.4.2.3. Proprietary Binary Representation

A third way of representing SCT expressions as single, discrete data elements entail s storing binary images
of the concept expressions. The binary images are serialized renditions of in-memory data structures, as
defined by aspecific application or aset of applicationsthat share a specific datatype (for example, the LE
middleware). Most modern relational DBMSs as well as Caché can store binary images in BLOB-typed
fields. Applications can retrieve the values of BLOB-typed fields and immediately convert the data into
appropriateinternal datastructuresby de-serializingit (i.e., without the need to parse any text expressions).
This mode of writing and reading binary observation expressions via serialization and de-serialization
(respectively) istypically much more efficient than generating and parsing structured text strings.

PROS:

 Significantly improved performance in moving SCT concept expressions between the applications that
create and process them and the databases that persist and share them. The performance will be superi-
or even to representational forms that persist concept expressions as text-encoded strings in individual
database fields (such as XML or SNOMED compositional grammar). If the parsing of XML or compo-
sitional-grammar expressions is prohibitively expensive for certain types of queries (such as searches
across an entire database), this approach may be required.

» Somewhat reduced disk-space requirements for storing observation expressions.
CONS:

 Significantly increased maintenance burden because any changes to the definitions of data structures
used by applicationsto internally represent SCT observation expressions (including very minor changes
with no semantic significance) will necessitate a conversion of all persisted observation expressions
across the entire database.

» No ability whatsoever to perform logical operations on observation expressions as they appear in the
database. The hinary images of these expressions are wholly opague to SQL or Caché ObjectScript,
and any processing first requires retrieval and de-serialization by an application that has implemented
the appropriate data type.

24.4.2.4. Relational Decomposition

If arelational database is used, an alternative general approach for persisting an observation expression
entails decomposing the expression into a set of relational fields and/or relational rows (as opposed to stor-
ing the expressions within asingle relational field, as proposed in Sections Section 24.4.2.1, “SNOMED
Compositional Grammar” - Section 24.4.2.3, “Proprietary Binary Representation”).

Relational decomposition offers the advantage of exposing SCT observation expressions to database pro-
cessing, i.e., to selectiveretrieval and analysis using SQL commands. For example, storing the focus con-
cept of an observation expression in a designated field (distinct from any refinements, which are stored
in other fields) allows one to retrieve only the focus concept and compare it to atarget SCT concept via
subsumption testing. This operation isless costly than general -purpose subsumption testing, because both
the focus concept and the target concept are pre-coordinated concepts. Where the target concept is very
general (such as*“respiratory disease”) and the focus concept is derived from the close-to-user form (which
istypically arelatively specific concept), comparison against the focus concept alone will yield accurate
resultsin most cases. Consideration of therefinementsisnot needed. Note: Thefocus concept in the Close-
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to-User form must be used for such comparisons, because the focus concept in the Long Normal Form
may frequently be very general —e.g., “disease’.

The decomposition of observation expressions into relational fields may be done in two general ways —
Unrestricted and Restricted decomposition.

24.4.2.4.1. Unrestricted Decomposition

Unrestricted relational decomposition is the most flexible approach, allowing a concept refinement to
contain any combination of attributes and values to any potential depth. The following table shows the
“Fracture of Femur” example represented in an unrestricted way using an “ object-attribute-value” table:

B Problem_Instance_Expressions : Table

InstancelD ParentlnstancelD | SCT_AttributelD | SCT_AttributeDesc|  SCT ValuelD SCT WalueDesc
1 7162000 Fracture of Fermnur
2 1 363695007 Finding Site 2812003 Structure of Head of Fernur
3 2 2727410003 Laterality 7771000 Left
4 1 116675005 Marphology 73737003 Fracture, Spiral
5 1 2465112005 Severity 24434000 Severe

Note that the field names are entirely generic, and the semantics of the expression is entirely conveyed by
field values and by the structure imparted through the foreign key “ Parentinstancel D”.

PROS:

» Expressivity —any SCT expression can be represented in this format, regardless of the number or depth
of itsrefining attributes.

» Generality — The unrestricted format is relatively resilient to changes in the SNOMED terminology
content. For example, if additional attributes are added, the database schema need not be changed. The
SCT_Attributel D and SCT_AttributeDesc fields are already capable of storing any SNOMED attribute.
If multiple values for certain attributes become allowed, the database schema already supports that as
well. (Note: For simplicity, the table structure cannot represent Relationship Groups, but this construct
could be supported with the addition of asinglefield).

 Referentia integrity — The highly granular decomposition allows concept that may appear within mul-
tiple observation expressions to be represented as single instances (with multiple references). A unique
instance of a concept guarantees that only one version exists in the database. Conversely, if a concept
is duplicated across a database within each observation expression in which it appears, the potential is
created that instances of the concept may become inconsistent if any changes are made to some but not
al of them. In practice, however, thisis not a concern for concepts that appear within SCT observation
expressions. Thisis because the pre-coordinated concepts that appear in such expressions already have
referential integrity, because they exist solely within the SCT terminology model (only references to
these concepts, consisting of concept identifiers and perhaps text descriptions, appear within the post-
coordinated observation expressions). The complex, structured conceptsthat appear in SCT observation
expressions (i.e., sub-expressions, such as “ Structure of head of Femur: Laterality = Left”) need not
have referential integrity, because such concepts are all individual instances of observations and may
be different in each observation expression in which they appear. Therefore, referential integrity is, in
fact, not an advantage of persisting SCT observation expressions in an unrestricted relational form.

CONS:

* Poor retrieval performance —the retrieval of a single post-coordinated expression might require alarge
number of relational joins, depending on the depth to which the attributes extend. In the example above,
two joins would be required to retrieve the attributes of “Fracture of Femur”, and then the “Laterality”
attribute for “ Structure of Head of Femur.”
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* Poor storage performance — complex expressions need to be decomposed into individual attribute/value
pairs, which are separately inserted in the database field (along with the appropriate foreign key refer-
ences). Indexes on the “Instancel D” and “ Parentlnstancel D” must be updated for each row entered.

» Need for non-SQL support — Because post-coordinated expressions may be defined to an arbitrary depth
of attributes, an arbitrary number of relational joins may berequired to retrieve such expressions. Hence,
SQL alone cannot be used to specify the queries required to retrieve such expressions. Either database
stored procedures or programs external to the database are required to retrieve post-coordinated expres-
sionsstored in an unrestricted relational form (both of which offer poorer performance than SQL queries
aone, which can be better optimized). Although in practice, most clinical observations specified as
post-coordinated expressions will not extend beyond two or three levels, the normalized forms of these
expressions may nest more deeply.

24.4.2.4.2. Restricted Decomposition

Restricted relational decompositionsentail table structuresin which the values of attributes are represented
in specific, dedicated fields. The model is “restricted” in the sense that the full set of attributes that are
supported are pre-defined in the relational schema, and other attributes or arbitrary nesting of attributes
are not supported. The following table shows the “Fracture of Femur” example encoded in a restricted
relational schema.

[ Problem_Instance_Expressions : Table |
InstancelD ProblemDesc FindingSiteWalueDesc | SiteLaterality\alueDesc| Morphology'alueDesc | SewerityValueDesc | OngetValueDesc | AccessValueDesc | PriorityValueDesc
1 Fracture of Femur  Structure of Head of Femur | Left Fracture, Spiral Sevare

2 Cholecystectamy Open Approach | Emergency

Note that the focus concept appears in the second field (“Problem Desc”), and the values of various re-
finements appear in the following fields. Due to space constraints, only the description of each concept is
shown, although the Conceptl D would also be represented in arealistic example.

PROS:

* Retrieval performance — Entire post-coordinated expressions can be retrieved without any relational
joins, regardless of the number of attributes or the depth of nesting (although not all of the attributes or
nesting specified by the user may be represented).

* Post-coordinated expressions can be retrieved using SQL queries alone, without the need for stored
procedures or programming external to the database.

CONS:

» Complexity — Given the number of different SCT concepts that may appear as focus concepts in post-
coordinated expressions, the set of potential attributes that refine these conceptsislarge. The SCT ter-
minology model contains 50 different attributes, so up to 50 fields may be required in arestricted re-
lational model to represent the possible refinements that could appear in post-coordinated observation
expressions.

« Brittleness — the relational schema must be changed each time an attribute of interest is added to the
SCT terminology model.

 Sparseness — Given the variety of attributes that may be refined for different types of observation con-
cepts (findings, procedures, observable entities, etc.), only asmall subset of attributeswill have non-null
valuesin any given post-coordinated expression (e.g., see the exampletable above). Most attributeswill
not be populated because the user has not specified a value or because the attributes are not relevant to
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the kind of observation specified (e.g., the“Morphology” of a“ Cholecystectomy”). The sparsenesswill
create i nefficiencies when observation expressions are retrieved and processed by applications, because
each potential field in each retrieved data row will have to be tested iteratively for a non-null value
(although the vast majority of the values will, in fact, be null).

» Relatively poor storage performance — complex expressions must be decomposed into their constituent
attribute/value pairs; the attributes must be correctly mapped to the corresponding field names in the
table schema, and a correct SQL expression constructed.

24.4.3. Representation of Context

The observations in patients' medical records frequently include context qualifiers. These qualifiers add
clinicaly important information about the meaning of a symptom, finding, test result, diagnosis, or pro-
cedure in the context of the patient’s medical treatment. The information that context qualifiers typically
add includes:

If? Isthisitem definitely present, possibly present, or definitely absent? Should it be ruled out?
Who? Does thisitem pertain to the patient herself, or to afamily member of the patient?
When? Is thisitem present now, was it present long ago or recently, will it be present in the future?

Aswiththemedical conceptsthat form the core of observation expressions, it isalsoimportant to represent
context qualifiersin a formal and consistent way that is amenable to automated analysis. For example,
aquery may selectively seek patients who have active hepatitis rather than a past history of hepatitis, or
patients who definitely have diabetes rather than suspected diabetes. There are a number of options for
representing context based on the use of SCT and the existing PHS methodol ogies.

24.4.3.1. SNOMED Context Model

The SNOMED context model providesaformal model for representing the context of Findings and Proce-
dures (including Findings and Procedures that appear as focus concepts of post-coordinated expressions).
The model is fully consistent with the SCT terminology model and supports subsumption testing. The
context model in the current release of SCT can represent three context dimensions for Findings and Pro-
cedures:

Findings Finding context [isthefinding present, absent, possibly present?] Temporal context [isthefinding
present now, was it present in the past, both?] Subject relationship context [does the finding pertain to the
patient, to the patient’ s family member?]

Procedures Action context [was the procedure already performed, isit under consideration, isit planned?]
Temporal context [was the procedure performed in the past, isit being performed now?] Subject relation-
ship context [does the procedure pertain to the patient, to the patient’ s father, brother?]

Context is added to findings and procedures by creating a context wrapper for the finding or procedure.
The context wrapper is aconcept expression, itself, with afocus concept of “Context Dependent Finding”
or “ Context Dependent Procedure”. These expressionsinclude aset of refinementsthat specify therelevant
finding or procedure, aswell asits context values. For example, the following concept expression denotes
that the patient has a confirmed mild tear of the right ACL ligament:

Context-Dependent Finding :
Finding Context = Definitely Present

Temporal Context = Current
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Subject-Relationship Context = Subject of Record

Associated Finding = Tear of Anterior Cruciate Ligament :

Severity = Mild,

Finding Site = Anterior Cruciate Ligament :

Laterality = Right

Representing context in thisway in patients' medical records supports subsumption testing over the asso-
ciated finding as well asthe context attributes. For example, the following predicate expression subsumes

any observation describing a definite or probable ACL tear in the patient at any point, past or present:

Context-Dependent Finding : Finding Context = Known Present Temporal Context = Current or Past Sub-
ject-Relationship Context = Subject of Record Associated Finding = Tear of Anterior Cruciate Ligament

This predicate expression above subsumes the post-coordinated observation expression shown earlier be-
cause the concept “Known Present” subsumes “Definitely Present” and the concept “ Current or Past”
subsumes “Current” in the SCT terminology. The predicate expression would not, however, subsume a
context-dependent finding with a Finding Context of “Known Absent” or a Subject-Relationship Context
of “Person in the Family.”

Default Context: A feature of the SNOMED Context model is that each context attribute is assigned a
default value if no valueisexplicitly specified. Therefore, a user need not specify avalue for each concept
expression and the database need not store avaluefor each concept expression if theintended values match
the defaults. The default values for Findings and Procedures are:

Context-Dependent Findings Finding context = Known Present Temporal context = Current Subject rela-
tionship context = Subject of Record

Context-Dependent Procedures Procedure context = Done [actually, I'm unsure of this] Temporal context
= Current SQubject relationship context = Subject of Record

By applying these defaults, the following context-dependent finding (as specified by a user) would be
subsumed by the predicate expression above:

Context-Dependent Finding : Associated Finding = Tear of Anterior Cruciate Ligament : Severity = Mild,
Finding Site = Anterior Cruciate Ligament : Laterality = Right

Note that, without explicitly adding the default values for the unspecified context attributes at the time
that subsumption testing is performed, the finding would not be subsumed by the predicate because the
predicate would be more specific.

Use of the SNOMED context model entails the following advantages and disadvantages:
PROS:

* Supports subsumption testing that i nvol ves context without need to introduce any new subsumption-test-
ing capabilities or content subsets. For example, the standard subsumption-testing algorithms and ex-
isting SCT concept hierarchy can already infer that the candidate expression “Myocardial infarction,
brother” is subsumed by the predicate expression “Myocardial infarction, first-degree blood relative.”

» The independent representation of the Finding context, Temporal context, and Subject-Relationship
context allows new post-coordinated expressions to denote many combinations of context values with-
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out the need to enumerate all possible combinations a priori. For example, the current PHS context
model would require the addition of a new qualifier to represent the context “No history of”, whereas
the SNOMED context model could represent this context with the combination of existing qualifiers:
Finding Context = “Known Absent” and Temporal Context = “Past.”

CONS:

» Thecurrent SNOMED content may not represent all of the context qualifiersthat PHS requires. Specif-
ically, the addition of alocal concept may be required to represent the “rule out” context.

e The SNOMED context model is significantly more complex than the existing PHS model, and users
will not be able to understand and apply it without a simplifying application layer. For example, user
interfaces should still alow clinicians to select and to view context qualifiers such as “No family his-
tory,” with translation “behind the scenes’ to the appropriate SNOMED context representation (in this
case, Finding Context = “Known Absent” and Subject Relationship Context = “Person in the Family”).

24.4.3.2. Alternative SNOMED-based Context Model

An alternative to the context model described above isamodel that extends the existing set of non-defin-
ing attributes for all Findings and all Procedures in the SCT terminology model so that context can be
represented ssimply as the value of a new qualifier. This extension would entail the following changes to
the SCT terminology:

New Attribute: “Observation Qualifier”
New Concept sub-hierarchy:

SNOMED CT Concept* Qualifier Value* Observation Qualifier Vaue Family History of No Family His-
tory of Past History of Possibility of Rule Out Status Post

New Relationships (non-defining, refinable):

Procedure*: Observation Qualifier = Observation Qualifier Value Clinical Finding*: Observation Qual-
ifier = Observation Qualifier Vaue Observable Entity*: Observation Qualifier = Observation Qualifier
Vaue

(*Existing SCT concepts)
Using this model, for example, “s/p emergency cholecystectomy” would be represented as.

Chol ecystectomy: Priority = Emergency, Observation Qalifier = Status
Post

PROS:

» A relatively simple model for querying observation expressions, because queries would require evalu-
ating a single straightforward parameter rather than (possibly) a set of more obscure parameters. For
example, it is simpler to look for observations and procedures in a patient’s past medical history by
testing for observation expressions with an Observation Qualifier = “Family History” than discerning
which specific value of the Temporal Context attribute applies (“Past”? “Past Specified”? “Past Un-
specified” ? “ Recent”?).

* Supports some limited subsumption testing, specifically predicate expressions that search for observa-
tionsin asingle concept category with asingle Observation Qualifier value. For example, the following
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predicate expression, which matches any emergency procedure, would logically subsume the represen-
tation of “s/p emergency cholecystectomy” shown above:

Procedure: Priority = Energency

However, predicate expressions cannot combine concepts using disjunctions (“OR”) or negations
(“NOT"). Therefore, this context model would not support a predicate expression to search for any Clin-
ical Finding, Observable Entity, or Procedure that occurred in the present or the past. Retrieving all such
observations would require several subsumption tests. The SNOMED Context model, in contrast, does
support such a predicate expression because a Tempora Context value of “current or past” exists:

Context-Dependent Finding :

Finding Context = Known Present

Temporal Context = Current or Past
Subject-Relationship Context = Subject of Record
CONS:

» Because a single Observation Qualifier must represent all three dimensions of context (current/past,
present/absent, patient/family), al of the relevant combinations must be enumerated as possible values
of Observation Qualifier. For example, the documentation that a patient has “no history of” a disorder
would necessitate the addition of a new Observation Qualifier Vaue (“No History of”), whereas the
SNOMED context model could represent this context with a novel combination of existing context
values (i.e., Finding Context = Known Absent and Temporal Context = Past).

» The addition of the relationship “Observation Qualifier = Observation Qualifier Value’ to all Proce-
dure, Observable Entity, and Clinical Finding conceptsin the SCT terminology may create semantically
nonsensical expressions when such concepts are used outside the documentation context of the patient
medical record. For example, a Procedure concept specified as an ordered procedure could be assigned
a “Observation Qualifier Value' of “Status Post” (which wouldn't make sense in that documentation
context). Because certain of the context qualifiers apply only when a concept is used in the documenta-
tion context of amedical record, the “ Observation Qualifier” attribute probably should not be assigned
to all Procedure, Observable Entities, and Clinical Findings conceptsin the SCT model. The SNOMED
context model avoids this problem by assigning context attributes only to the special wrapper concepts
of Context Dependent Finding and Context Dependent Procedure.

24.4.3.3. Relational Context Model

A third aternative is to introduce the notion of an Observation Qualifier attribute with the same set of po-
tential values, but not explicitly add this attribute to the SCT terminology model. Rather, the attribute and
itsvalueswould be represented only asan additional field in therelational table or an additional attributein
the Cachétree structure (i.e., similar to apartial Restricted Relational Decomposition, except the Observa-
tion Qualifier attribute would not be part of the SCT terminology model). For example, under this model,
the “ s/p emergency cholecystectomy” observation would be represented in the relational database as:

=

InstancelD | PrablemExpression | ContextCode
1 38102005|Chaolecystectomy|; 26087 0009(Priority|=25876001|Emergency StatusPost

and in a Caché tree structure as;

279



Draft Instance persistence Draft

Problem

38102005|Cholecystectomy|:2608700
09|Priority|=25876001|Emergency

Y

Attribute

Context

Value
StatusPost

PROS:
» Also arelatively simple model.

» Avoids the problem of adding the Observation Qualifier attribute to all Procedure, Observable Entity,
and Clinical Finding concepts in the SCT terminology and creating potentially nonsensical concept
expressionsin certain documentation contexts.

 Provides richer testing against logical combinations of contexts than afforded by the SNOMED ex-
pression language. Specifically, SQL queries may explicitly search for Boolean combinations of Con-
textCode values, such as*“WHERE ContextCode = * HistoryOf’ OR ContextCode = * StatusPost’ “, with-
out requiring multiple subsumption tests.

CONS:

» Supportsno logical subsumption testing involving context values (e.g., to infer that “ past” is subsumed
by “past or current”).

* Involvesthe same combinatoricsto represent new combinations of “present/absent”, “ current/past”, and
“patient/family” context designations.

24.4.3.4. Combination of Approaches

Lastly, afourth approach entails combining elements of the approaches above. For example, one could use
the SNOMED context model, but redundantly represent the values of the context qualifiersin their own
relational fields, aswell as represent a new “summary qualifier” field whose value stores a more intuitive
representation of the context (which would be derived from the combination of SNOMED context val ues).
Under this model, the documentation of “no family history of severe hypertension” would be represented
inarelational table as:

B Problem_Instance_Expressions : Table

InstancelD ProblemExpression FindingContext| TemporalContext | SubjectRelationshipContext ContextSummar
1 413350002|Caontext-Dependent Findingl: Kriown Absent  Current or Past Mermber of Family MoFamilyHistoryOf
A08729009|Finding Context|=410516002|Known Absent],
A0E731000(Termporal Contextl=410511007 |Current or Past|,

408732007 |Subject Relationship Context|=303071001|Person
in the Farmily|,
246090004 |Associated Findingl=38341003|Hypertension|:
2467112005|Severity[F24484000|Severe
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and in a Caché tree structure as:

Problem

413350009|Context-Dependent Finding|:
408729009|Finding Context|=410516002|Known Absent|,
408731000| Temporal Context|=410511007|Current or Past|,
408732007 5ubject Relationship Context|=303071001|Person in
the Family|,
246090004| Associated Finding|=38341003|Hypertension|:
246112005 Severity| =24484000| Severe

— FindingContext
410516002 | Known Absent

—» [TemporalContext
410511007|Current or Past

—p  SujectRelationship Context
303071001 |Person in the Family

—» ContextSurmmary
NoFamilyHistoryOf

PROS:
 Supports full subsumption testing of observations with context, when needed

* Avoids the problem of adding the Observation Qualifier attribute to all Procedure, Observable Entity,
and Clinical Finding conceptsin the SCT terminology, which could lead to nonsensical concept expres-
sions in certain documentation contexts.

» Provides aderived summary context that approximates the current observation qualifiers and provides
aconvenient search key for certain analyses.

» Supports testing against logical combinations of SCT context specifiers using SQL expressions, such
as “WHERE SubjectRelationshipContext = ‘Mother’ OR SubjectRelationshipContext = *Sister’ “. In
the absence of storing the SCT context specifiers in separate fields, multiple subsumption tests would
be required to apply such logic.

CONS:
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» Some redundant representation of data, which entails decreased storage performance and increased risk
of inconsistencies.

24.4.4. Computation of Transitive Closure

Subsumption testing against patient observations is an important but computationally intensive operation.
Testing subsumption between two pre-coordinated concepts entail s determining whether the concepts (i.e.,
their GUIDs) have an ancestor-descendant relationship in the SCT concept hierarchy. Unless certain op-
timizations are applied (as discussed below), this determination entails a tree traversal of the hierarchy,
which has exponential combinatorics. In large terminologies, such as SCT, exponential tree traversals
may be prohibitively slow for queries that must execute in real time or queries that must evaluate many
observations.

Subsumption testing of post-coordinated expressions is even more complex. It requires an algorithmic
comparison of the predicate and candidate expressions (in their normalized forms), which itself requires
several steps that involve subsumption testing:

1. Determine whether the predicate’s focus concept subsume the candidate’ s focus concept. Note: Both
focus concepts will be primitive SCT concepts following normalization.

2. Determine whether all of the relationship attributes of the predicate’s focus concept subsume at least
some of the relationship attributes of the candidate’ s focus concept.

3. For each subsumed relationship attribute, determine whether its value in the predicate expression sub-
sume the value in the candidate expression. If the value of an attribute is a concept that, itself, has
attributes, apply steps 1, 2, and 3 recursively.

Note: In practice, the post-coordinated observation expressions specified by clinicians will typically have
asmall number of relationship attributes. However, when a candidate expression is converted to its Long
Normal Form (as required for subsumption testing), the number of attributes may increase significantly
(e.g., see Section Section 24.4.1.1, “ Definitions’). This increase, in turn, increases the number of sub-
sumption tests required.

A recognized strategy to improve the performance of subsumption testing is to compute and store the
transitive closure of the pre-coordinated conceptsin the SCT concept hierarchy. The transitive closureis
the set of all ancestor-descendant pairs in the hierarchy. For example, the small hierarchy shown in Sec.
Section 24.2, “Background and Scope” would generate the following ancestor-descendant pairs:

disease => infectious disease disease => infective pneumonia disease => bacterial pneumonia infectious
disease => infective pneumonia infectious disease => bacterial pneumonia infective pneumonia => bac-
terial pneumoniaetc...

The storage of atransitive closure significantly improves the performance of subsumption testing. Each
pair-wise subsumption test becomes alookup in an indexed list of ancestor-descendant pairs (typically an
O(n log n) operation with n = number of levelsin the hierarchy), rather than arecursive tree traversal (an
O(k") operation). However, this approach requires storing the transitive closure, which may be very large,
and updating the transitive closure whenever the structure of the concept hierarchy changes. The addition
of asingle concept, for example, may generate many new ancestor-descendant pairs.

The options with respect to precomputing transitive closures include the following:
24.4.4.1. Compute no transitive closure

PROS:

» Thedefault approach, which requires the least amount of disk storage and is simplest to implement and
maintain.
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CONS:

* Potential for prohibitively slow performance for subsumption testing against observations.

24.4.4.2. Compute the full transitive closure of the relevant SCT con-
cept hierarchy

PROS:

* A significant performance improvement for subsumption testing of pre-coordinated observation con-
cepts. Such subsumption tests may be performed as single lookups in the indexed table.

» A significant performance improvement for subsumption testing of post-coordinated observation ex-
pressions. Each of the subsumption tests needed for this operation (i.e., tests between primitive SCT
concepts) may be performed as single lookups in the indexed table.

CONS:

* Anincrease in required storage. Depending on the depth and interconnectedness of the SCT concept
hierarchy (which isamulti-hierarchy), the transitive closure table might contain millions of entries. For
example, the NCBI ontology, which consists of 230,000 concepts, generates a transitive closure con-
taining 3.5 million concept pairs. A transitive closure for the SCT hierarchy will likely be comparable.
In practice, however, each entry will require modest storage space, as it will contain only two GUIDs
(each requiring 8 to 16 bytes).

e Anincrease in complexity and risk of error when the SCT terminology content changes (as aresult of
PHS edits or SNOMED releases). Any content updateswill require appropriate updates to the transitive
closure table. A mechanism will need to exist to perform these updates reliably and efficiently. If the
transitive closure tables are cached by client applications (to enable local computation of decision-sup-
port queries, for example), updates will al'so require a mechanism to refresh the local caches in an ap-
propriate, timely, and coordinated manner.

24.4.4.3. Compute the transitive closure for primitive concepts only
PROS:

» Relative to computation and maintenance of the full transitive closure, this approach may require sig-
nificantly less storage space. Although primitive concepts constitute the majority of the SCT concept
hierarchy, they appear typicaly at higher levels of the hierarchy (where less branching exists). The re-
sult may be many fewer ancestor-descendant pairs in which both concepts are primitive, although one
would want to confirm this empirically.

» A significant performance improvement for subsumption testing of post-coordinated observation ex-
pressions (which entails pair-wise subsumption testing of primitive concepts only).

» Somewhat |ess complexity and risk when the SCT terminology content changes, because only additions,
deletions, or modifications of primitive concepts generates changes to the transitive closure tables.

CONS:

* No performance improvement for subsumption testing of pre-coordinated concepts unless (1) both are
primitive concepts or (2) both are first normalized. Depending on the frequency with which pre-coor-
dinated concepts appear in medical records and query expressions, this may be acceptable.

» Some additional complexity in maintaining the transitive closure because the primitive/defined state of
concepts will have to be considered in determining their effect on the transitive closure.
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24.4.5. Just-in-Time Pre-coordination

Just-in-time (JIT) pre-coordination is a further optimization for subsumption testing that involves post-
coordinated expressions. The method assumes that a transitive closure table for the SCT hierarchy exists
(see Section Section 24.4.4, “ Computation of Transitive Closure”). For each post-coordinated expression
that is created by a user, a new local concept definition and local concept identifier are created (“just-in-
time"), stored in areference table, classified with respect to the SCT hierarchy, and added to the transitive
closure table. The identifier for the post-coordinated expression is stored in the patient’s medical record
(instead of the expression itself), and the expression is referenced for any subsumption test that involves
that patient’s medical record. Because the identifier has already been classified with respect to the entire
SCT hierarchy in the course of adding it to the transitive closure, subsumption testing against the post-co-
ordinated expression requires only an index lookup, rather than application of the full algorithm described
in Section Section 24.4.4, “ Computation of Transitive Closure”.

Note that before anew post-coordinated expression is added to the transitive closure table, the system first
searchesthe set of existing expressionsin the reference table (using equival ence testing) to check whether
the new expression already appears there. If the expression does appear, its existing identifier is simply
placed in the patient’s medical record, and no other operations are required.

24.4.5.1. Implementation of Just-in-Time Pre-Coordination
PROS:

» Reduces subsumption testing to a single lookup in the transitive-closure table in al cases, whether the
subsumption test involves pre-coordinated concepts or post-coordinated expressions.

CONS:

 Significantly increases the overhead for-adding post-coordinated observations to patient’s medical
record. At a minimum, for each post-coordinated observation that a user specifies, the system must
search the table of existing local concepts to check whether that observation expression was previously
pre-coordinated. If it was not, the system must create a new pre-coordinated concept corresponding to
the observation expression, classify that concept with respect to the existing SCT hierarchy, and update
the transitive closure table with all of the new entries generated by the addition of the local concept.
Although this process could be deferred, to prevent disrupting the user workflow, the benefits of JT
pre-coordination cannot be realized until thisindexing process completes.

24.4.5.2. No Implementation of Just-in-Time Pre-Coordination

PROS and CONS: The opposite of those described in the section above.

24.4.6. Partial Subsumption Testing of Post-Coordinated
Expressions

Finally, another potential optimization for subsumption testing of post-coordinated expressions entails
testing only the focus concepts within such expressions, rather than the focus concepts and their full sets of
attributes and values. Because the focus concept is always a pre-coordinated concept, asingle “ standard”
subsumption test is sufficient, without need to apply the algorithm in Section Section 24.4.4, “ Computation
of Transitive Closure”.

For example, partial subsumption testing would reduce the following pair-wise subsumption test

Predicate expression: Pneumonia (1D = 233604007)
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Candidate expression: Bacterial Pneumonia (1D = 53084003) : Causative Agent (ID=246075003) = Me-
thicillin Resistant Staph. Aureus (ID=115329001)

To the simpler subsumption test:

Predicate query expression: Pneunoni a (1 D = 233604007)

Candidate observation expression:; Bacterial Pneumonia (ID = 53084003)

PROS:

The post-coordinated expression need not be normalized prior to subsumption testing

A single pair-wise subsumption test can determine whether a candidate post-coordinated expression is
subsumed by the predicate expression, rather than the potentially several pair-wise testsrequired by the
algorithm in Section Section 24.4.4, “ Computation of Transitive Closure” (depending on the structure
of the predicate and candidate expressions).

The pair-wise subsumption test involves pre-coordinated concepts only, which is a simpler operation.
If atrangitive closure table for the SCT terminology is available, the test can be performed with asingle
lookup in thistable.

Subsumption testing of post-coordinated concepts may take longer to implement than that for pre-co-
ordinated concepts. By allowing partial subsumption testing, the PHS system could capture, store, and
process post-coordinated expressions during the interim period before full functionality is available.
When full subsumption testing becomes available, the data would already exist to support it and the
transition to the full mode of processing would be relatively straightforward.

CONS:

In a minority of cases, partial subsumption testing will produce incorrect results. This occurs when
a post-coordinated candidate expression-isilogically subsumed by a predicate expression, but an at-
tribute of the focus concept in the candidate expression is required to correctly infer subsumption. This
can be seen in the following example: Predicate query expression: Chroni ¢ Rhinitis (ID =
86094006) Candidate observation expression: Rhinitis (1D = 70076002) Course (1D
= 260908002) Chronic (1D = 90734009) Severity (ID = 246112005) MId
(I D = 255604002) The partial subsumption test would conclude that the focus concept “Rhinitis’
is NOT subsumed by “Chronic Rhinitis,” athough the complete post-coordinated expression would
be subsumed by “Chronic Rhinitis’ (given the refining attributes of “Rhinitis’ and the definition of
“Chronic Rhinitis’ in the SCT terminology).

This approach will not work if the SNOMED context model is used, because the focus concept in all
observation expressions of this model is either “ Context Dependent Finding” or “Context Dependent
Procedure” (see Section Section 24.4.3.1, “SNOMED Context Model™). Thefinding or procedure, itself,
is a value of the attribute Associated Finding or Associated Procedure, and these values will not be
considered by a partial subsumption test unless they are first extracted from the expression by a pre-
processing step.

24.5. Recommendations
24.5.1. Abstract Model

We recommend persisting the following forms for each post-coordinated observation expression (Option

3):

1. Close-to-user form (i.e., the SNOMED expression that the user actually specified). Thisformwill allow

the system to later re-derive the other normalized forms when necessary.
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2. Text-rendered form (i.e., the original text display of the expression that the user specified). Thisform
isimportant for medicolegal purposes to provide arecord of the information that the user viewed and
attested when updating the patient record (including any text annotations that may not be captured
in the formal SNOMED representation). This form is also important for clinical care, to ensure that
subsequent users see the same and complete clinical expression that the author intended.

3. Long-normal form (i.e., the normalized form that may be used in subsumption testing without further
transformation). The caching of this form isimportant for reasonable performance when subsumption
testing is performed against post-coordinated expressions. This form may need to be updated when
changes to the SCT terminology content occur (either due to local extensions or periodic SNOMED
releases). A process will need to exist to scan the entire medical record and update rel evant post-coor-
dinated expressions following content revisions.

The Short-normal form and Canonical form need not be persisted because they will rarely be used and can
be derived from the Close-to-user form when needed.

Note: The question arises asto whether thelong-normal form of pre-coordinated concepts (i.e., those with
single GUIDs) should also be derived and persisted in the medical record. The proper approach is YES,
if post-coordinated expressions may appear as predicates in queries. In these cases, subsumption testing
will require that the candidate expression be in its normalized form even if it is a pre-coordinated concept.
If post-coordinated expressions will not appear as predicates in queries, then the normalized form of pre-
coordinated concepts need not be persisted (because testing subsumption between two pre-coordinated
concepts does not require it).

The derivation, storage, and maintenance of the long-normal form for observation expressions will cer-
tainly create additional overhead for electronic health record systems. If organizations plan to maintain
a separate analytical data store (data warehouse) for performing complex queries across many patient
records, they may wish to persist and maintain the long normal form in the analytical data store only. If
gueries and subsumption tests against the operational data store involve the records of individual patients
only (such as the queries typically executed for real-time decision support), it may be feasible to derive
the long normal forms of post-coordinated observations at the time the patient’ s record is retrieved. Such
“just-in-time” normalization would not be practical in the analytical data store, however, where queries
that search large data sets must perform efficiently.

24.5.2. Structure and Syntax

If arelationa database will be used, | recommend persisting post-coordinated expressions using the
SNOMED compositional grammar, or some local variation thereof (e.g., including GUIDs rather than
SNOMED concept IDs). This approach will enable complete post-coordinated expressions to be written
to and retrieved from the database efficiently.

Because subsumption-testing and other logical operations on post-coordinated expressions will require
specialized middleware (i.e., the Health Language Engine), there islittle advantage to exposing the struc-
ture of such expressions to SQL and related programming tools. The performance disadvantages of ex-
posing the structure through various relational decompositions could be significant.

The SNOMED compositional grammar is preferred to the HL7 CD data type and to a binary representa-
tion primarily because the latter approaches will require greater maintenance effort. A binary representa-
tion may need to change each time the middleware that defines it is updated. HL7 may maintain the CD
data type on a different schedule or based on different requirements than those of PHS, creating undue
constraints.

If the Cache hierarchical database will be used, | am not sufficiently familiar with the technology to make
a recommendation regarding structure and syntax. If a single data element will be used to store post-
coordinated expressions, however, | again recommend using the SNOMED compositional grammar rather
than the HL7 CD datatype or abinary representation (for the same reasons as above). However, it may be
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preferableto store the components of post-coordinated expressions as discrete dataelementsin astructured
hierarchical tree (see Section Section 24.4.2, “ Structure and Syntax for Persistence”), depending on the
technical capabilities of Caché.

24.5.3. Representation of Context

I recommend the hybrid approach described in Section Section 24.4.3.4, “Combination of Approaches’.
This approach provides a variety of mechanisms to query the context associated with an observation
(whether post-coordinated or pre-coordinated), depending on the needs of the analysis and the skills of
the analyst. The only disadvantage of the approach is the storage of redundant data elements. However,
unlike the storage of the long normalized form (which also represents redundant information), these data
elements do not need to be updated with each extension or revision of the SNOMED terminology because
they are derived from the close-to-user form, rather than the normalized form.

24.5.4. Computation of Transitive Closure

Although | am not familiar with HLI" s specific plans for implementing subsumption testing, | believe that
the computation and maintenance of a transitive closure table will be essential to make such a feature
computationally feasible. The question remains whether the transitive closure should be computed and
maintained within the Terminology Server (i.e., as a feature of the terminology middleware), or within
EHR'’s own computing environment (i.e., as afeature of the medical record system). The former approach
makes much more sense, since it allows maintenance of the terminology and the transitive closure to be
centrally managed and coordinated. Also, it is likely that any other user of the terminology server that
use the planned subsumption-testing feature will require atransitive closure table (particularly if they use
the SNOMED terminology), so providing the table and the mechanisms to maintain it will be a practical
requirement for the terminology server.

To enable efficient subsumption testing of pre-coordinated or post-coordinated observation expressions, |
recommend computing the full transitive closure table for the relevant SCT hierarchy (rather than atable
of primitive concepts only). If the creation or maintenance of the full table proves too difficult, costly, or
error-prone, HLI can later scale back the table to include primitive concepts only.

24.5.5. Just-in-Time Pre-coordination

I do not recommend the approach of just-in-time pre-coordination at this time. The additional complexity
and overhead involved in potentially updating the terminology and the transitive-closure table each time
a post-coordinated observation expression is created is unlikely to be justified by whatever performance
gains are achieved. If atransitive closure table exists for all pre-coordinated concepts, execution of the
algorithm in Section Section 24.4.4, “ Computation of Transitive Closure” islikely to be sufficiently fast,
even in the absence of JIT pre-coordination.

However, given the additional demands on analytical queries against large data sets, PHS may wish to
consider implementing JIT pre-coordination in any data warehouse that contains post-coordinated obser-
vation expressions. For this application, the batch processes required to find and classify all unique post-
coordinated expressions may be more feasible (given the greater down time available for non-operational
databases) and more valuable (given the greater performance requirements of each subsumption test when
thousands may be required by a single query).

24.5.6. Partial Subsumption Testing

Partial subsumption testing of post-coordinated expressions, as described in Section Section 24.4.6, “ Par-
tial Subsumption Testing of Post-Coordinated Expressions’, is a viable short-term strategy that will allow
post-coordinated expressionsto be created by users and leveraged in queries even before the algorithmsto
support full subsumption testing arenimplemented in LE. Itislikely that the vast mgjority of subsumption
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tests executed using this method will return correct results, given the types of observation expressions
and queriesthat are likely to exist. However, PHS must bear in mind the potential for incorrect subsump-
tion-testing results until a correct algorithm is implemented. Specifically, PHS may wish to refrain from
relying on subsumption testing in “mission-critical“ operations.

Tofacilitate the use of thistechnique, werecommend separately persi sting the focus concept of therel evant
clinical observation for each observation expression. For example, if the post-coordinated expression is:

Context-Dependent Finding : Finding Context = Definitely Present Tempora Context = Current Sub-
ject-Relationship Context = Subject of Record Associated Finding = Tear of Anterior Cruciate Ligament :
Severity = Mild, Finding Site = Anterior Cruciate Ligament : Laterality = Right

the persisted record would contain a separate and discrete representation of :

Tear of Anterior Cruciate Ligament

24.5.7. Summary of Recommendations: An Example

Based on each of the preceding recommendations, this section presents the representation of asingle post-
coordinated expression in the recommended persisted form. The expression represents the entered obser-
vation:

“No family history of chronic allergic asthma’

Relational Representation:

InstancelD| _Problem Rendered | Focus Concept |
3675903 | No Family History of 359145006
Alergic Asthma, Chronic |Allergic asthma

P roblem_CloseToU ser [
413350009(C ontext-Dependent Finding)
408729009 Finding Context=

Problem_Longl ormal Tem Tt
413350009/Co ntext-Depen dent F ndingl 4105160021 +10511007] 303071001
408729009 F inding Contexti= Known Absent  Current or Past  Persenin the Family

410516002/Knovin Absent
408731000 Temporal Context=
£10511007|Current or Past
408732007 Subject Relationship Contexti=
203071001/Person in the Family,
246090004 Associated Findingi=
389145006iAlkeTg c asthmal
250908002 coursei=191268006ich onic

41051600 2Known Absent
403731000 Temporal Contexti=
£10511007|Current or Past
408732007 Subject Relationship Context=
20307100 1IPerson in the Family,
248090004| Associated Findingl=
38914500814l kergicasthmal
16676008 associated morphologyl=
26036001 jobstruction,
260008002 coursef=
191268008 chronic,
42752001 due toj=
419076005 allergic reaction,
363698007fnding Sitei=
955009 bronchial structure!

Problem Instance
1 I

Rendered

No Family History of
Allergic Asthma, Chronic

Caché Hierarchical Representation:

L ClossTolser

413350009|C ontext-Dependent Finding|:
4087 28009 Finding Contexi=410516002Known Absent],
4087 31000 Tem poral Contextj=410511007|Current or Past,

4087 32007|5Subjed Relationship Contextl=
30307 1001|Perzon in the Famihy,
24609000 4] Associated Finding|=195967001|Asthmal:

FocusConcept

No Family History of
Allergic Asthma, Chronic

Finding Context

260908002 course|=191262006] chronic
L Long Normal

410516002 | Known Absent |

TemporalContext |

413350009|C ontext-Dependent Finding|:
408729009 Finding Contexi=410516002{Known Absent],
4087 31000{Tem poral Contexti=410511007|Current or Past],
4087 32007|Subjed Relationship Contextl=
303071001|Perzon in the Family,
245090004] Associated Finding|=195967001|Asthmal:
116676 008|associated m orphology=26036001|obstruction|,
260908002 |course|="1912638006| chronic,
42752001|due to|=413076005}allergic reaction|,
353698007 |finding site|=955009]bronchial structure|

410511007)Current or Past |

SujectReiationshipContext |
303071001)|Person in the Family |

ContextSummary |
NoF amilyH istoryC f |
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Informatics Architecture Use Cases
VHA Knowledge-Based Systems

Informatics Architecture Use Cases

1. Unstable Angina with ST-Elevation Myocar-

dial Infarction

Anginal

1.1. Introduction

1. Thisusecasewascreated to evaluatethe ontol ogy created by the VistA Evolution GUI Research project.
It includes common assessments, observations, interventions, and cognitive goalsthat arisewhile caring

for apatient in this scenario to ensure that the ontology can accommodate these concepts.

2. All clinical datain this use case is synthetic. Data was created to support the flow of this use case and

provide examples of clinical observations that are documented throughout the interaction.

3. Clinical decision making in this use caseis based, primarily, on VA/DoD Clinical Practice Guidelines
for the Management of Ischemic Heart Disease, available at: http://www.healthquality.va.gov/guide-

lines/CD/ihd/

4. Additiona clinical resources are listed below in the Reference section.

5. The intent of this use case is to capture actions that commonly occur when a patient presents with
unstable angina. Many of the stepsin this use case occur concurrently in an emergent case. In similar

scenarios, the same actions may occur in slightly different order.

6. Cognitive goals are included in some ‘Actions’ to provide insight on the Provider or healthcare

professional’ s mental process at that point of the encounter.

7. Hyperlinks present in the Appendix column are included to provide examples of the data fields and

values that may be entered by the EHR user during this step of the use case.

Hyperlinkspresent in the Standards column suggest standardized terminol ogiesthat may be used to capture

datain this step of the use case.

1.2. Actors

Patient: aperson receiving or registered to receive medical treatment

Provider: Physician, physician assistant (PA), or nurse practitioner (NP). All are skilled health-care pro-

fessionals trained and licensed to diagnose and treat patients within their defined scope of practice.

Registration Clerk (Reg. Clerk): ahospital employee that collects demographic, insurance and “reason for
visit” information from a new patient and enters this information in to the Admission/Discharge/Transfer

(ADT) system and/or the electronic health record (EHR).

Triage Nurse (Triage RN): A licensed nurse that assesses symptoms, health-related complaints, and vital

signs to determine the degree of urgency for care.
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Unit Clerk (UC): ahospital employeethat performs administrative dutiesto facilitate workflow and patient
care in the emergency department (ED) or anursing unit.

Emergency Department Technician (ED Tech): a hospital employee that is trained to provide basic
tasks such as vital signs and laboratory draws under the supervision of an RN or Provider.

Registered Nurse (RN): alicensed healthcare professional that is trained to provide nursing care to pa-
tientsin inpatient and outpatient settings, within their defined scope of practice.

Licensed Social Worker (L SW): alicensed healthcare professional that assists patients to improve their
quality of life and social needs, and facilitates care after discharge.

Interventional Cardiologist: A board-certified cardiologist that is credentialed to perform percutaneous
coronary interventions via cardiac catheterization.

Nurse' sAide/Assistant (NA): atrained healthcare worker that provides assi stance with patient care, under
the supervision of an RN.

Clinical Phar macist —alicensed healthcare professional that often collaborates with physicians and other
healthcare professionals to coordinate pharmaceutical interventions and promote health and disease pre-
vention within their scope of practice.

Dispensing Pharmacist — a licensed healthcare professional that dispenses medications, monitors med-
ication parameters and potential drug interactions, and provides information about medications, within
their scope of practice.

Radiology Technician (Rad Tech) —alicensed radiography professional that performs diagnostic imag-
ing exams on patients to help physicians assess illness and injury.

Radiologist - alicensed physician that specializesin diagnosing and treating diseases and injuries by using
medical imaging.

EK G Technician (EKG Tech) —acardiology technologist that administers basic electrocardiogram tests
to patients. The results are then read by a cardiologist or other licensed physician.

Respiratory Therapist (RT) — alicensed healthcare practitioner that provides care and treatment to pa-
tients requiring breathing and oxygenation support.

Charge RN — a registered nurse that is responsible for the efficient management of a nursing unit or
department, including admissions, discharges, and the oversight of all nursing and support staff.

1.3. Description

53-year-old white male presents to the ED with chest pain and is diagnosed as having a ST-elevation
myocardial infarction (STEMI)

1.4. Trigger

1. Patient is brought to the ED by their family member

2. Patient is experiencing crushing chest pain (radiating to their jaw and neck), shortness of breath (dys-
pnea), nausea, and sweating (diaphoresis) after attempting to shovel their front walkway.

1.5. Preconditions

1. Patient has a history of stable angina that is usually relieved by rest, however the above symptoms
worsened with rest.
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2.

Patient has taken one sublingual (SL) nitroglycerin (NTG) tablet, without relief.

1.6. Postconditions

Minimal guarantees:

1

2.

Data fields required to support this clinical workflow will be present in the EHR.

Data entered will be stored utilizing the appropriate clinical vocabulary.

Success guarantees:

1

2.

3.

EHR supports patient-centered care, guided by goals set by the patient.

Patient receives evidence-based care based on the health concerns that are noted during the outpatient
visit.

Patient will achieve improved outcomes and satisfaction as a result of care facilitated by EHR func-
tionality.

1.7. Assumptions

1

Emergency Department (ED) can provide assessment and initia treatment of life-threatening condi-
tions.

. ED utilizes atrained healthcare professional to triage (prioritize the care of patients based on clinical

need) patients presenting to the ER.

. ED utilizesthe following triage levels:

a. Resuscitation —immediate threat to life (i.e. cardiac or respiratory arrest, major trauma, shock, etc.)

b. Emergent — potential threat to life (i.e. chest pain with cardiac suspicion, severe respiratory distress,
decreased level of consciousness (LOC), etc.)

c¢. Urgent — condition with significant distress (i.e. mild to moderate respiratory distress, head injury
without decrease in LOC but with vomiting, etc.)

d. Lessurgent —conditionswith mild to moderate discomfort (i.e. head injury —alert without vomiting,
depression without suicidal attempt)

e. Non-urgent — conditions are minor and treatment can be delayed (i.e. skin lacerations, sore throat,
etc.)

. All RNs, PAs, NPs, and physicians are certified in Advance Cardiac Life Support (ACLS).

. Hospital isa Level 1 trauma center that is equipped to handle patients who present with any and all

levels of medical severity.

. Hospital has a full service Cardiac Catheterization Laboratory that has an Accreditation for Cardio-

vascular Excellence (ACE) and is credentialed to provide percutaneous cardiac interventions (PCI),
including the placement of cardiac stents.

. Hospital has an Interventional Cardiologist on call, who is present in the hospital and available to do

an emergent PCI.

. The Cardiac Catheterization unit has aroom and staff available to support an emergent PCI case.
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9. EHR is able to send notifications to healthcare providers when atask has been added to their work list
(i.e. Radiology Technician receives natification when an X-ray has been added to his’her work list).

10.EHR isintegrated with Picture Archiving Communication System (PACS).
11.EHR has computerized physician order entry (CPOE) functionality.

12 Medications ordered via CPOE system automatically populate the electronic Medication Administra-
tion Record (EMAR).

a. Statusof medication administration is documented ontheeMAR (i.e. ‘G’ for Given, ‘R’ for Refused
by Patient, etc.), along with the healthcare professional’s electronic signature and any pertinent in-
formation (i.e. heart rate when administering a beta-blocker, or the reason for patient refusal when
entering ‘R’ for Refused by Patient)

13.Facility uses Bar Code Medication Administration (BCMA) system to validate administration of med-
ication to all ED and inpatients.

14 BCMA system isintegrated with the EHR.

15.EHR can manage the transition from Triage to Provider (e.g., move from one work list to another),
ED to inpatient, etc.

16.EHR can generate referral request as entered by Provider.

17.Standard vocabularies utilized by the organization include: 1ICD10 for diagnosis, RxNorm for medi-
cations, SNOMED-CT for clinical assessments, care that is provided and lab results, and LOINC for
laboratory tests.

1.8. Normal Flow

Step |Component Narrative
1. Action Patient’s family member (wife) pulls up to ED entrance, runs in to waiting
areaand callsfor help
Actors Patient’s family member
Patient
Triage RN
ED Tech
Action ED Tech and Triage RN run to the car (bringing a stretcher), assist patient on
breakdown to stretcher and wheel the patient in to the Triage area.
2. Action: Triage RN completes a brief assessment to determine the patient’ s condition

and the urgency of required care.

Cognitive Goal: |Rapid assessment of patient condition.
Actors Patient

Triage RN
ED Tech

Family member

Action Chief Complaint: Crushing chest pain (8 out of 10), unrelieved by rest and 1
breakdown sub-lingual nitroglycerin (SL-NTG) tablet.
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Step

Component

Narrative

PMH: Stable angina, dyslipidemia, hypertension (HTN)
Allergies: NKDA

Current medications:

a. SL-NTG as needed. One taken 10 minutes ago.
b. Lovastatin 40 mg once daily — taken last night
¢. HCTZ 12.5 mg daily — taken this morning

d. Lisinopril 10 mg daily —taken this morning

e. High level assessment:

f. LOC: Alert and fully oriented

g. Temp: 9F

h. BP: 169/98

i. HR: 106 and dlightly irregular

j. Cardiac rhythm by ECG monitor: Sinus tachycardia (ST) with rare pre-
mature ventricular contractions (PVCs)

k. Resp: 24 and shallow
I. Pulse Oximetry:'94% on room air

Skin: pale and diaphoretic

Technology

EHR Data Entry

Applicable
Standards

SNOMED, LOINC

Appendix

Sample Triage Assessment Form

Action

Triage RN determines that patient has a severity index of ‘2" requiring
immediate emergency nursing care. Note: Seps 2 and 3 often occur
concurrently.

Cognitive Goal

Assessment of severity of condition. Isthe patient’ s condition life threatening?

Actors

Triage RN
Patient

ED Charge RN
ED Physician

ED RN

Action
breakdown

Triage RN does the following:

a Movesthe patient via stretcher to the ‘Emergent’ section of the ED
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Step  |Component Narrative
b. Notifies the ED charge nurse and ED attending physician of the new ED
patient and their condition.
¢. Flagsthe patient as requiring Emergent care by an RN in the HER
d. Provides transition of care report to the ED RN that will be caring for the
patient

Technology EHR
a. Status entry
b. Datavisualization for report

Appendix Refer to
Emergency Severity Index Triage Tool for EDs [http://www.ahrg.gov/
professional §/systems/hospital/esi/esi 1.html]
Sidebar B Initial Evaluation of Ischemic Heart Disease/ VHA
Clinical Guidelines [http://www.healthquality.va.gov/guidelines/CD/ihd/
ihd_poc_combined.pdf]

4 Action ED RN initiates standing orders for emergency interventionsthat are indicated

in the management of ischemic heart disease.

Cognitive Goal: | Rapid assessment of patient condition.

Actors ED RN
ED Tech
Patient

Action ED RN does the following (unless noted as being delegated to the ED Tech):

Breakdown

a. Placesthe patient on acardiac monitor (patient isstill in ST with rare PV Cs)
b. Obtains updated set of vital signs (BP: 158/90, HR: 102, RR: 22)
c. Placesthe patient on 2L of oxygen vianasal cannula (NC)
d. Evaluates chest pain (still 8 out of 10, crushing, radiating to jaw)
e. Obtains 12 lead electrocardiogram (ECG)

a ST-elevation is noted on the ECG

b. ECG interpretation (by machine): Anterior wall Ml

i. ED Provider is notified

f. Startsaperipheral intravenous (1V) line — performed by EDT

g. Sendsblood samplefor Chem 7, CBC, cardiac enzymes (troponin, CK, and
CK-MB), Lipid profile, PT/PTT — orders for labs entered by RN, blood
drawn and sent by EDT

h. Administers medications
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Step  |Component Narrative
a. 325 mg chewable aspirin
i. Highlights the medication in the eM AR, scans the medication, next
scans the patient, then administers the medication after receiving
BCMA verification of appropriate administration
b. 2 mg Morphine Sulfate IV
i. Follows process noted above for aspirin administration. Enters pain
level of 8 out of 10 when prompted by BCMA system since
administration of a pain medication requires documentation of the
patient’s pain level.
c. 1ltablet of .4 mg SL-NTG (Note: thisisthe second dose that the patient
has received)
i. Follows process noted above for aspirin administration. Enters BP:
158/90, when prompted by BCMA system since administration of a
SL-NTG should be held if SBP < 100.
i. Orders Chest X-ray (CXR)- PA and Lateral views
Note: Each of theseinterventionsis‘ordered’ by activating the* Standard ED
Order Set for Chest Pain.” The ED RN enters the orders as verbal orders,
which are then “ signed off” by the Provider.
Note: RN specifies ‘Nurse draw’ when entering order for lab work. EHR
integrates with department printer, which prints labels for blood tubes. If the
RN had specified ‘Lab draw’ the blood draw would have been added to a
Laboratory Technician’swork list.
Technology EHR
a. Biomedical device integration to record VS and pulse oximetry
b. Dataentry of care performed
c. Activation of standing order set for chest pain via CPOE by RN
d. Documents medications that were administered in the Medication
Administration Record (MAR)
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. LOINC [http://search.loinc.org/search.zul query=BMI]
¢. RXNORM [http://mww.nlm.nih.gov/research/umls/rxnorm/]
Appendix Refer to

Standard ED Order Set for Chest Pain [http://www.methodistmd.org/
dotA sset/5f69e994-056h-445f-8eda-df 80529chf b8.pdf]

MAR Sample
MARS CHART_EXAMPLE.PDF]

[http://pharmacyprime.ie/PDF/
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Step  |Component Narrative
VA _ Clinical _ Practice  Guidelines  for _the Management  of
Ischemic Heart Disease [http://www.healthquality.va.gov/guidelines/CD/ihd/
ihd_sum_combined.pdf]
5 Action Provider receives notification that a verbal order has been placed in hisher
name
Cognitive Goal:
Actor(s) Provider
Action Provider opens notification and views the task listed in their work queue
Breakdown
a. Provider opens patient record in EHR and views data entered to date
b. Provider enters ED room to assess patient (assessment results are
documented in Step 13)
Technology EHR
a Notification system
b. Datavisualization
Standard
Appendix
6 Action Registration clerk entersinsurance and demographicinformationintothe EHR
system viatablet as verified by the patient’ s wife.
Cognitive Goal:
Actor(s) Registration Clerk
Family member
Action Registration Clerk enters the following information in to the system:
Breakdown
a. Demographic information
b. Primary and Secondary Insurance information: Tricare, member #: XXX-XX,
etc.
¢. Next of Kin contact information
d. Religious preference
Technology EHR Registration System
a Dataentry
Standard a. Address [http://pe.usps.gov/cpim/ftp/pubs/Pub28/pub28.pdf]

b. Sex [http://phinvads.cdc.gov/vads/ViewV a ueSet.action?
0id=2.16.840.1.114222.4.11.1038]

c¢. Ethnicity [http://www.whitehouse.gov/omb/fedreg 1997standards]

d. Race

[http://www.cdc.gov/minorityheal th/popul ationsyREM P/
definitions.html]
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Step  |Component Narrative
Appendix Hospital Registration Form [http://www.saintpetershcs.com/uploadedFiles/
preadmission%202010.pdf]
7 Action ED RN evaluates status of chest pain and vital signs
Cognitive Goal: | Evaluate effectiveness of interventions and need for escalation of therapy
Actor(s) ED RN
Patient
Action a Patient reportspainisa5 out of 10
Breakdown
b. VS: BP 150/90, HR 95, RR 20, Pulse Ox: 98% on 2LNC
c. ED RN administers 1 tablet of .4 mg SL-NTG (Note: thisis the third dose
that the patient has received. Standing orders cover up to 3 administrations
of &.-NTG. BCMA is used to record this administration.)
Technology EHR
a. Biomedical device integration to record VS and pulse oximetry
b. Data entry of care performedDocuments medications that were
administered in the electronic Medication Administration Record (EMAR)
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. LOINC [http://search.loinc.org/search.zul query=BMI]
c. RXNORM [http://ww.nlm.nih.gov/research/umls/rxnorm/]
Appendix
8 Action Radiology Technician (Rad Tech) receives notification that adiagnostic X-ray
for an Emergent ED patient has been added to his’her work list
Cognitive Goal: |Management of work queue. Ensure the proper diagnostic test is performed
on the proper patient
Actor(s) Rad Tech
Patient
Action Rad Tech receives notification that a task has been added to his/her work list
Breakdown for an Emergent ED patient.
a. Rad Tech checkswork listin EHR, completes the procedure as ordered and
documents completion.
b. Rad Tech flagsthe CXR as ‘ready for interpretation’ by Radiologist
Technology EHR
a Integration with Notification system
b. Dataentry
c. Statusentry
Standard LOINC [http://search.loinc.org/search.zul ?query=BMI]
Appendix
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Step  |Component Narrative
9 Action Radiologist receives notification that a CXR is ready for interpretation for an
Emergent ED patient
Cognitive Goal: |Accurate evaluation of CXR (taking reason for CXR and old films in to
consideration)
Actor(s) Radiologist
Action Radiologist receives notification that a chest film is ready for interpretation.
Breakdown
a. Radiologist checks work list in EHR, views the indicated CXR and enters
the CXR results and interpretation.
b. Radiologist flags the CXR as ‘ Resulted’
Technology EHR integration with PACS and Notification system
a. Image visualization
b. Dataentry
c. Statusentry
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. LOINC [http://search.loinc.org/search.zul ?query=BMI]
Appendix CXR Result Format [http://radreport.org/template/0000102]
10 Action Provider receives notification that the CXR results are available
Cognitive Goal:
Actor(s) Provider
Action Provider receives notification that a CXR ordered in their name has been
Breakdown ‘resulted’.
a. Provider pulls up results via hospital issued cellphone.
b. Provider utilizes EHR to view chest film to compare against previous
images (if available).
Technology EHR integration with PACS and Notification system
a. Image visualization
b. Datavisualization
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. LOINC [http://search.loinc.org/search.zul ?query=BMI]
Appendix CXR Result Format [http://radreport.org/template/0000102]
11 Action Registration clerk (Reg. Clerk) obtains Advance Directive and Authorization
for Disclosure of Personal Health Information (PHI) from patient
Cognitive Goal:
Actor(s) Reg. Clerk
Patient
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Step

Component

Narrative

Action
Breakdown

Reg. Clerk provides tablet with Advance Directive and Authorization for
Disclosure of PHI information of forms.

a. Patient completes Advance Directive form

b. Patient waives Authorization for Disclosure of PHI at thistime.

Technology

EHR (integration with hand held tablets)

Standard

Appendix

Advance Directives Form [http://www.saintpetershcs.com/uploadedFiles/
Advancedirective.pdf]

Authorization for Disclosure of Protected Health Information [http:/
www.sai ntpetershcs.com/upl oadedFil es/Poli cy%620768- 7%20-
%20Attachment%20-%20A uthori zati on%20-%20For%20Rel ease%200f
%20Health%20I nformation%20REV | SED%2003-25-10.pdf]

12

Action

ED RN receives notification that diagnostic results have been returned for this
patient

Cognitive Goal:

Ensure results are not life threatening or will affect indicated treatment.
Evaluate initial of cardiac enzymes for ischemic indications.

Actor(s)

ED RN

Action
Breakdown

j. HDL: 50 mg/dl

ED RN receives alert that lab and CXR results have been returned. He/she
accesses |ab results inthe EHR. Relevant |ab values include:

a. Troponin; 0.1 mcg/ml
b. CK: 150 ng/ml

¢. CK-MB: 3 ng/ml

d. K+:4.1

e. Hgb: 15 g/dl

f. Hct: 45%

g. PT: 12 seconds

h. PTT: 63 seconds

i. Cholesteral, total: 180

k. LDL: 170
[. Triglycerides: 190

m. CXR: Normal. No mediastinal widening, valve disease, or CHF

Technology

EHR (Visualization of lab and diagnostic reports)

Standard

a. SNOMED-CT [http://browser.ihtsdotool s.org/]
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Step

Component

Narrative

b. LOINC [http://search.loinc.org/search.zul ?2query=BMI]

Appendix

13

Action

Provider assesses patient

Cognitive Goal:

Expedite History and Physical. Formulate differential diagnosis (i.e. Acute
Coronary Syndrome vs. STEMI). Determine if patient is a candidate for
emergency reperfusion.

Actor(s)

Provider

Patient

Action
Breakdown

a. Confirms past medical history (PMH) and enters active conditions to the
Problem List (Stable Angina, HTN, Dyslipidemia)

b. Confirmsallergies: NKDA
c¢. Confirms current medications:
a. Lovastatin 40 mg once daily — taken last night
b. HCTZ 12.5 mg daily — taken this morning
¢. Lisinopril 10 mg daily — taken this morning
d. Smoking history: No tobacco use
e. Completes physical assessment
a. Neuro: Alert and fully oriented

b. CV: Chest pressure 5 out of 10 after 3 SL-NTG tablets, S1S2, No
murmurs or gallop

¢. Resp: 20 and dlightly shallow. Lungs clear

d. Gl: Abdomen soft, flat with bowel soundsin all quadrants.
€. GU: Verbalizes no problems with voiding

f. Skin: Slightly pale. Diaphoretic. Warm and intact.

g. Psych: Calm and cooperative with wife present

Technology

EHR

a Dataentry to Problem List, Allergies and Current Medication

b. Visualization of lab and diagnostic reports

c. Dataentry of assessment

Standard

a. SNOMED-CT [http://browser.ihtsdotools.org/]

b. ICD-10 [http://www.icd10data.com/]

c. LOINC [http://search.loinc.org/search.zul ?query=BMI]
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OFRBA#view=de

Step  |Component Narrative
d. RXNORM [http://mww.nlm.nih.gov/research/umls/rxnorm/]
Appendix Adult Health History [http://georgetownmedical.com/util/documents/hx-
physical-form.pdf]
Head to Toe Physical Assessment Components|http://www.bing.com/images/
search?g=physi cal +assessment
+form& 1d=93FC06872326E1CAEFD077EA 45F90F9A D366E450& FORM=I
14 Action Provider discusses clinical findings and treatment options with patient
Cognitive Goal: |Engage and educate patient. Assess patient understanding to facilitate
informed decisions.
Actor(s) Provider
Patient
Action a. New diagnosis confirmed by ECG: Anterior Wall Myocardial Infarction
Breakdown
a. Thisdiagnosisis added to the Problem List
b. Since chest pain started 45 minutes ago, it istoo early to see any elevation
in cardiac enzymes (Troponin, CK-MB)
¢. Recommend emergent revascularization of coronary artery with cardiac
catheterization and possible balloon inflation and/or stent placement based
on clinical studies showing the best outcomes for this scenario. A referral
to an Interventional Cardiologist can be placed immediately.
a. Alternative treatment is intravenous thrombolytic therapy
b. Pros and cons of each treatment discussed with patient
c. Provider can access Clinica Care Guidelines, American Cardiology
Recommendations, and Risk Evaluation Following a M| resources via
hyperlink or Infobutton, as needed
d. Continued chest pain after administration of 3 SL-NTG tabletsand elevated
blood pressure indicate need for intravenous nitroglycerin (IV NTG)
e. Beta-blocker medication isindicated for ischemic heart disease
Technology EHR (Data entry to Problem List)
Standard
Appendix
15 Action Patient conveystheir Goal, in relation to their new diagnosis
Cognitive Goal:
Actor(s) Patient
Provider
Action Patient statesthat they, “Want to do whatever is necessary to maintain optimal
Breakdown heart function so that they can live afull life. That includes having a catheter
placed in my heart.”
Technology EHR (Data entry of Patient Goal)
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Step  |Component Narrative
Standard
Appendix
16 Action Patient conveys their treatment preference and agrees to a plan of care
Cognitive Goal:
Actor(s) Provider
Patient
Action Care Plan Activities/ Targeted Completion:
Breakdown
a. Signsverbal order that ED RN entered to activate ED standing orders for
patients presenting with chest pain / Immediately
b. Emergency consultation with Interventional Cardiologist — initiated by
Provider/ Within 1 hour
c. Probable emergent cardiac catheterization (if confirmed by Interventional
Cardiologist)
a. Nothing to eat or drink in preparation for procedure / Immediately
d. Start IV NTG to manage chest pain/ Immediately
e. Start Beta-blocker (Metoprolol) / Immediately
Technology EHR
a. Dataentry of Care Plan
Standard
Appendix
17 Action Provider utilizes CPOE to enter orders for agreed upon care
Cognitive Goal: |Determine appropriate orders for this patient with continued chest pain and
a potential pending PCI.
Actor(s) Provider
Action Provider enters the following orders:
Breakdown
a. Interventional Cardiology Consult STAT
a. Reason: Acute Anterior Wall MI. Evaluate for Percutaneous Coronary
Intervention (PCI)
b. NPO (Nothing by mouth) for possible cardiac catheterization with PCI
c. IV NTG. Start at 10 mcg/min — increase by 10 mcg/min every 5 minutes
until pain free or SBP < 100. Maximum dose 200 mcg/min.
d. Metoprolol 5 mg IV x 3 doses, at 2 minute intervals if HR >50 and SBP
> 100.
e. Give Metoprolol 50 mg p.o. 15 minutes after last dose of 1V Metroprolol
Technology EHR
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Step  |Component Narrative
a. CPOE
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. RXNORM [http://www.nlm.nih.gov/research/umls/rxnorm/]
Appendix
18 Action Provider pages Interventional Cardiologist (1C)
Cognitive Goal:
Actor(s) Provider
Int. Cardiologist
Action Provider pages Interventional Cardiologist on call to notify of STAT consult
Breakdown for John Doe, PatientID 233433. Int. Cardiologist accepts consult and will
come to the ED to evaluate the patient immediately.
Technology N/A
Standard
Appendix
19 Action ED RN receives notification of new order for Patient|D 233433.
Cognitive Goal:
Actor(s) ED RN
Action ED RN receives notification that the provider has ordered 1V NTG for the
Breakdown patient.
a Metoprolol 5mglV and IV NTG bagisobtained from the medication Pyxis.
IV tubing obtained from the supply cart.
Technology EHR integration with Notification system
Standard
Appendix
20 Action ED RN administers cardiac medications, as ordered
Cognitive Goal: |Evaluate chest pain and how BP has been affected by NTG. Safe
administration of additional meds to reduce cardiac ischemia.
Actor(s) ED RN
Patient
Action a. ED RN evauates vital signs and chest pain
Breakdown

b. BP: VS: BP 150/88, HR 90, RR 20, Pulse Ox: 98% on 2LNC

c. Patient reports chest pain 4 out of 10, in chest only

d. ED RN openseMAR for the patient and views the IV NTG order
e. Scans|V NTG bag and then patient’ s wristband

f. Enters BP 150/88 when prompted to evaluate patient’s BP.

g. Enters‘I’ for Infusing in eMAR and rate of 10 mcg/min
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Step

Component

Narrative

h. Primes |V tubing, sets 1V pump to infuse 10 mcg/min, and starts infusion
i. ED RN viewsMetoprolol 5 mg 1V (x 3 doses) order in eMAR

j- Scans Metoprolol 5 mg IV ampule (ED RN receives pop up notification
to check heart rate prior to administration of Metoprolal. If HR < 50 the
medication should be held)

k. Scans patient’s wristband
|. Enters‘G’ for Givenin BCMA and HR 90

m. (Note: ED RN would go on to administer remaining 1V and PO doses of
Metoprolol as ordered, if well tolerated by patient)

Technology

EHR
a. Biomedical device integration to record VS and pulse oximetry

b. Dataentry of care performed

o

Integration with BCMA System

Standard

a SNOMED-CT [http://browser.ihtsdotool s.org/]

o

LOINC [http://search.loinc.org/search.zul 2query=BMI]

o

RXNORM [http://iwww.nlm.nih.gov/research/umls/rxnorm/]

Appendix

21

Action

Interventional Cardiologist arrivesin ED and enters PatientID in to EHR

Cognitive Goal:

Form differential diagnosis from information gathered. Identify additional
questions or clarifications that need to be answered.

Actor(s)

Int. Cardiologist

Action
Breakdown

Interventional Cardiologist views PMH, current medication list, alergies,
chief complaint, diagnosis, provider and nursing notes, and diagnostic results
(including labs, ECG, and CXR)

Technology

EHR

a. Query

b. Datavisualization

Standard

a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. ICD-10 [http://www.icd10data.com/]
¢. LOINC [http://search.loinc.org/search.zul ?query=BMI]

d. RXNORM [http://Aww.nlm.nih.gov/research/umls/rxnorm/]

Appendix

22

Action

Interventional Cardiologist enters patient room to evaluate for emergent
catheterization
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Step  |Component Narrative
Cognitive Goal: | Diagnose patient. Determine eligibility for reperfusion therapy. Assess patient
under standing of the recommended intervention to obtain informed consent.
Actor(s) Int. Cardiologist
Patient
Action Interventional Cardiologist:
Breakdown
a. Assesses patient, reviews headth history and new diagnosis of acute
myocardial infarction.
b. Evaluatesfor contraindications of reperfusion therapy
c. Confirms recommendation of immediate cardiac catheterization with
possible intervention
d. Confirms that the patient has only had a small glass of water earlier that
morning to take meds. Last solid food was the evening before.
e. Explainsthe procedure, along with risks and benefits.
Technology
Standard
Appendix
23 Action Patient provides consent for procedure recommended by the Int. Cardiologist
Cognitive Goal:
Actor(s) Patient
Int. Cardiologist
Action Patient signs informed consent for Percutaneous Angiogram, Diagnostic
Breakdown Cardiac Catheterization, and possible Percutaneous Coronary Intervention
with possible balloon angioplasty and possible stent placement.
Technology
Standard
Appendix
24 Action Interventional Cardiologist enters pre-catheterization orders
Cognitive Goal: | Determine indicated pre-cath orders for this patient.
Actor(s) Int. Cardiologist
Action Examples of entered orders:
Breakdown

a. Admit to Cardiac Outpatient Surgery
b. Diagnosis: Acute Anterior Wall Myocardial Infarction
c¢. Code status: Full

d. Ensure consent for procedure is on chart

e. Prep bilateral femoral sites
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Step  |Component Narrative
f. Start new IV lineinleft arm
a Infuse 0.9% Sodium Chloride at 100 cc/hr
g. Pre-op medications:
a. Diphenhydramine 50 mg IV ON CALL
b. Valium 5 mg PO ON CALL
Technology EHR
a. CPOE
Standard a SNOMED-CT [http://browser.ihtsdotools.org/]
b. ICD-10 [http://www.icd10data.com/]
c. RXNORM [http://mww.nlm.nih.gov/research/umls/rxnorm/]
Appendix Refer to:
Pre-Cardiac _ Catheterization Orders [http://apps.umcheal thsystem.com/
forphysi cians/medical orders/Pre-Op%20Cardiac%20Cath. pdf]
25 Action ED RN providestransition of carereport to the Cath Lab RN that will be caring
for the patient
Cognitive Goal:
Actor(s) ED RN
Cath Lab RN
Action Report is completed verbally, over the phone. Cath Lab RN enters PatientI D
Breakdown in computer, views al documentation entered in ED, along with Pre-
Catheterization orders.
Technology EHR
a. Query
b. Datavisualization
26 Action Patient is transferred to ‘Holding' area of Cath Lab via stretcher
Cognitive Goal:
Actor(s) ED RN
Patient
Cath Lab RN
Action Cath Lab RN assumes care of the patient and will compl ete Pre-Catheterization
Breakdown orders while procedure room is being prepped.

1.9. Data fields required

See appendix references as examples/guides
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Example 1. Chrushing chest pain

Eternal ID Chief Complaint: Crushing chest pain (8 out of 10), unrelieved by rest and 1 sub-lingual
nitroglycerin (SL-NTG) tablet.

1.10. Notes and Issues

References for Clinical Management of Ischemic Heart
Disease

American College of Cardiology Foundation and the American Heart Association. (2014) ACC/AHA 2014
Guideline for the Management of Patients With Non-ST-Elevation Acute Coronary Syndromes. Retrieved
from http://circ.ahajournal s.org/content/earl y/2014/09/22/CI R.0000000000000134

National Guideline Clearinghouse. (2013) Unstable Angina and NSTEMI: The Early Management
of Unstable Angina and non-ST Segment Elevation Myocardial Infarction. Retrieved from http://
www.guideline.gov/content.aspx?d=16393. http://www.guideline.gov/content.aspx? d=39429

National Institute for Health and Care Excellence (NICE). (2014) Unstable Angina and NSTEMI: The
Early Management of Unstable Angina and non-ST Segment Elevation Myocardial Infarction. Retrieved
from http://www.nice.org.uk/guidance/cg94

Observational Medical Outcomes Partnership (OMOP). (2014). OMOP standard vocabulary specifica-
tion. Washington, DC: Innovation in Medical Evidence Development and Surveillance, The Reagan-Udall
Foundation for the Food and Drug Administration. Retrieved from http://omop.org/V ocabularies

U.S. Department of Veterans Affairs.(2014) VA/DoD Clinical Practice Guidelines. Management of Is-
chemic Heart Disease Core Module Summary. Retrieved from http://www.healthquality.va.gov/guide-
lines/CD/ihd/ihd_sum_combined.pdf

U.S. Department of Veterans Affairs.(2014) VA/DoD Clinical Practice Guidelines. Management of Is-
chemic Heart Disease Pocket Guide. Retrieved from http://www.healthquality.va.gov/guidelines/CD/ihd/
ihd poc_combined.pdf

1.11. Additional References

Agency for Healthcare Research and Quality. (2011). Emergency Severity Index (ES). A Triage Tool for
Emergency Department Care. Version 4. Retrieved from http://www.ahrg.gov/professional s/systems/hos-
pital/esi/esihandbk.pdf

Georgetown University Medical Clinic. (2015). Initial Clinical History and Physical Form. Retrieved
from http://georgetownmedical.com/util/documents/hx-physi cal-form.pdf

Health Assessment Form. Retrieved from http://image.didesharecdn.com/physical assessment-
form-100930173546-phpapp02/95/dide-1-728.jpg?cb=1285886194

Methodist Le Bonheur Hedlthcare. Physician Orders Adult, Order Set: ED Chest Pain Orders. Retrieved
from http://www.methodistmd.org/dotA sset/5f69e994-056b-445f -8eda-df 8b529cbfb8. pdf

Observational Medical Outcomes Partnership (OMOP). (2014). OMOP standard vocabulary specifica-
tion. Washington, DC: Innovation in Medical Evidence Development and Surveillance, The Reagan-Udall
Foundation for the Food and Drug Administration. Retrieved from http://omop.org/V ocabularies

Pharmacy Prime. MARS Chat Example. Retrieved from http://pharmacyprime.ie/PDF/
MARS CHART_EXAMPLE.PDF
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Radiological Society of North America. (2015). RSNA Informatics Reporting. Chest Xray. Retrieved from
http://radreport.org/templ ate/0000102

Saint Peter’ s University Hospital. (1995). Advance Directive: Y our Right to Make Health Care Decisions.
Retrieved from http://www.sai ntpetershes.com/upl oadedFiles/A dvancedirective. pdf

Saint Peter’s University Hospital. (2011). Authorization for Disclosure of Protected Health Information.
Retrieved from Saint Peter’s University Hospital. (2010). Pre-Registration Form. Retrieved from http://
www.sai ntpetershcs.com/upl oadedFil es/preadmi ssion%202010.pdf

UMC Hedlth System. (2009). UMC Pre-Op Cardiac Catheterization and Intervention Orders. Retrieved
from http://apps.umcheal thsystem.com/forphysi cians/medical orders/Pre-Op%20Cardi ac%20Cath. pdf

2. Patient with STEMI, S/P stent placement is
admitted to Telemetry Unit

Angina2

2.1. Introduction

1. Thisusecasewascreated to evaluatethe ontology created by the VistA Evolution GUI Research project.
It includes common assessments, observations, interventions, and cognitive goal sthat arisewhile caring
for apatient in this scenario to ensure that the ontology can accommodate these concepts.

2. All clinical datain this use caseis synthetic. Data was created to support the flow of this use case and
provide examples of clinical observations that are documented throughout the interaction.

3. Clinical decision making in this use caseis based, primarily, on VA/DaD Clinical Practice Guidelines
for the Management of Ischemic Heart Disease, available at: http://www.healthquality.va.gov/guide-
lines/CD/ihd/

4. Additional clinical resources are listed below in the Reference section.

5. This use case demonstrates actions that commonly occur over the course of a patient’ s post-revascul ar-
ization stay in a Telemetry unit. It is not intended to include every action over the course of their stay.
In similar scenarios, the sequence of events/actions may be slightly different.

6. Cognitive goals are included in some ‘Actions to provide insight on the Provider or healthcare
professional’ s mental process at that point of the encounter.

7. Hyperlinks present in the Appendix column are included to provide examples of the data fields and
values that may be entered by the EHR user during this step of the use case.

8. Hyperlinks present in the Standards column suggest standardized terminologies that may be used to
capture datain this step of the use case.

2.2. Actors

Patient: a person receiving or registered to receive medical treatment

Interventional Cardiologist: A board-certified cardiologist that is credentialed to perform percutaneous
coronary interventions via cardiac catheterization.

Provider: Physician, physician assistant (PA), or nurse practitioner (NP). All are skilled health-care pro-
fessionals trained and licensed to diagnose and treat patients within their defined scope of practice.
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Unit Clerk (UC): ahospital employee that performs administrative duties to facilitate workflow and pa-
tient care in the emergency department (ED) or a nursing unit.

Registered Nurse (RN): alicensed healthcare professional that is trained to provide nursing care to pa-
tientsin inpatient and outpatient settings, within their defined scope of practice.

Licensed Social Worker (LSW): alicensed healthcare professional that assists patients to improve their
quality of life and social needs, and facilitates care after discharge.

Nurse' sAide/Assistant (NA): atrained healthcare worker that provides assistance with patient care, under
the supervision of an RN.

Sonographer — a skilled technologist that is trained to operate special imaging equipment utilized in
diagnostic tests (i.e. ultrasound machine for echocardiograms)

Patient Transporter —ahospital employeethat assistswith thetransfer of patientsto and from procedures,
and throughout the hospital as requested

Clinical Phar macist —alicensed healthcare professional that often collaborates with physicians and other
healthcare professionals to coordinate pharmaceutical interventions and promote health and disease pre-
vention within their scope of practice.

Dispensing Pharmacist — a licensed healthcare professional that dispenses medications, monitors med-
ication parameters and potential drug interactions, and provides information about medications, within
their scope of practice.

EK G Technician (EKG Tech) —acardiology technologist that administers basic electrocardiogram tests
to patients. The results are then read by a cardiologist or other licensed physician.

Charge RN — a registered nurse that is responsible for the efficient management of a nursing unit or
department, including admissions, discharges, and the oversight of al nursing and support staff

2.3. Description

A 53 year old white male status post stent placement via cardiac catheterization for Acute Myocardial
Infarction (AMI) is admitted to a Telemetry unit for monitoring

2.4. Trigger

Patient has been cleared to leave the post-interventional cardiology recovery room (ICRR) and be admitted
to the facility’ s Telemetry Unit for monitoring.

2.5. Preconditions

1. Patient presented to the ED with unstable angina, was diagnosed with an Anterior Wall Myocardial
Infarction, and underwent percutaneous coronary intervention (PCl) and stent placement within 60
minutes of presentation and 85 min of chest pain onset

2. PCI was successful and the blocked artery is fully patent after the procedure

3. Patient is pain-free after the procedure and there is no further evidence of active M| on post-catheter-
ization ECG

4. Patient received post-catheterization care in the post-interventional cardiology recovery room (ICRR),
is over the acute recovery of the procedure, and has been cleared for transfer to the Telemetry Unit by
the Interventional Cardiologist.
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5. Right femoral site was used for catheterization access

a. Sheath was pulled in the Cath Lab and femoral siteis benign

2.6. Postconditions

Minimal guarantees:

1. Datafields required to support this clinical workflow will be present in the EHR.

2. Dataentered will be stored utilizing the appropriate clinical vocabulary.

Success guarantees:

1. EHR supports patient-centered care, guided by goals set by the patient.

b.

C.

Patient receives evidence-based care based on the health concernsthat are noted during the outpatient
visit.

Patient will achieve improved outcomes and satisfaction as aresult of care facilitated by EHR func-
tionality.

2.7. Assumptions

1. EHR is able to send notifications to healthcare providers when atask has been added to their work list
(i.e. Radiology Technician receives notification when an X-ray has been added to his’her work queue).

b.

C.

EHR isintegrated with Picture Archiving Communication System (PACS).

EHR isintegrated with information systems in the following departments. Pharmacy, Laboratory,
Radiology, Cardiology, Dietary, Rehabilitation

. EHR has computerized physician order entry (CPOE) functionality

Ordersentered via CPOE are automatically implemented and assigned to the appropriate work queue
(i.e. CBCinam. isautomatically assigned to the Laboratory work queue)

Medications ordered via CPOE system automatically populate the electronic Medication Adminis-
tration Record (EMAR).

. EHR system allowsthe Provider to select existing active medication to pre-popul ate discharge med-

ication orders. Provider can then de-select any carried over medication, if desired.

. Ordersfor discharge medications entered via CPOE are sent directly to the outpatient pharmacy that

is designated by the patient.

Facility uses Bar Code Medication Administration (BCMA) system to document administration of
medication to al ED and inpatients.

BCMA system isintegrated with the EHR.

. EHR A/DIT system allows user to tentatively hold abed, pending formal orders from Provider (e.g.

ICU or Telemetry bed post-PCI while patient is recovering from the procedure)

EHR can manage the transition of tasks (e.g., move tasks from one work queue to another)

m. PatientI D isa unique ID assigned to a specific patient for each unique hospital stay
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n. Standard vocabularies utilized by the organization include: ICD10 for Diagnosis, RxNorm for med-

2.8. Normal Flow

ications, SNOMED-CT for clinical assessments, care that is provided and lab results, and LOINC
for laboratory tests.

Step |Component Narrative

1 Action Interventional Cardiologist admits patient to Telemetry Unit for monitoring
Cognitive Goal: |Determine indicated care and orders for this unique patient post-PCI.
Actor(s) Int. Cardiologist
Action Utilizes Standard Cardiology Admission Order Set via CPOE and adds
Breakdown additional orders, as needed. For example:

a. Admit to Telemetry Unit
b.
C.

d.

. Condition: Stable

. Code Status: Full code

. 'VS: Per unit protocol

. Diet: Low fat, Low cholesterol, Low salt

. Heparin Lock 1V.

. Labs: CPK, CK-MB, Troponing 6 hrsx 3

.EKG and Echocardiogram in a.m.

. Cardiac education

. Medications:

Dx: Anterior Wall Myocardial Infarction. S/P PCI and stent placement
Allergies: NKDA

History of Tobacco use: No

Activity: BR x 4 hours, then advance as tolerated

CBC/diff, BMP, PT/PTT inam.

a. HCTZ 12.5 mg po daily — start in am.

b. Lisinopril 10 mg po daily — start in a.m.

c. Metoprolol 100 mg po twice daily — start this p.m.
d. ASA 325 mg po daily — start in a.m.

e. Lovastatin 40 mg once daily — start this p.m.

f. Clopidogrel 75 mg po daily — start in am.
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Step  |Component Narrative
g. Flush Heparin Lock with 1 cc 0.9% Norma Saline solution every 8
hours.
Technology EHR
a. CPOE
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. LOINC [http://search.loinc.org/search.zul 2query=BMI]
¢c. RXNORM [http://mww.nlm.nih.gov/research/umls/rxnorm/]
d. ICD10 [http://www.icd10data.com/]
Appendix Refer to
Cardiac Admission Orders [http://www.rwjf.org/content/dam/farm/toolkits/
toolkits/2008/rwjf27120]
2 Action Interventional Cardiology Recovery Room (ICRR) Unit Clerk enters formal
bed request in Admission/Discharge /Transfer (ADT) System
Cognitive Goal: |Implement physician order for appropriate bed assignment (based on severity
of illness driving the intensity of service).
Actor(s) ICRR Unit Clerk
Action ICRR Unit Clerk views available Telemetry beds and selects appropriate bed
Breakdown for patient, as ordered by physician
Technology EHR
a Integration with ADT system
Standard
Appendix
3 Action Telemetry Charge RN receives notification that anew patient isbeing admitted
to the Telemetry unit
Cognitive Goal: | Evaluate and determine patient acuity so proper nursing assignment is made.
Actor(s) Telemetry Charge RN
Telemetry RN
Action Telemetry Unit Charge RN receives notification that an admission has been
Breakdown given a bed assignment on his/her unit.
a. Charge RN queries EHR to view ED information, Catheterization Report,
ICRR Nursing Notes, and admission orders to assess acuity of patient
b. Charge RN assignsan RN to carefor the patient, based on current workload
and patient acuity and provides the PatientI D so that the Telemetry RN can
view relevant information in the patient’ s record.
¢. Charge RN ‘approves admission and flags the bed as ‘available to accept
transfer’
Technology EHR
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Draft

Informatics Architecture Use Cases Draft

Step

Component

Narrative

a. Query by Patient|D

b. Bed assignment within EHR

c. Datavisualization

d. Integration with ADT system

Standard

a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. LOINC [http://search.loinc.org/search.zul ?2query=BMI]
¢c. RXNORM [http://mww.nlm.nih.gov/research/umls/rxnorm/]

d. ICDA10 [http://www.icd10data.com/]

Appendix

Action

ICRR RN calls Telemetry RN assigned to care for ‘John Do€' and provides
verbal report, then transfers patient to Telemetry bed

Cognitive Goal:

Formulate and ask appropriate questions during report to gather information
required to properly care for patient

Actor(s)

ICRR RN

Telemetry RN

Action
Breakdown

ICRR RN providestransition of care report.

a. Telemetry RN acknowledges patient admission on EHR bed tracker,
validates patient with Patient! D, and assigns him/herself asthe primary care
nurse

a. Views Catheterization Report, ICRR Nursing notes, and Telemetry
Admission Orders in patient record

b. ICRR RN transfers patient to Telemetry Unit after report is completed

Technology

EHR

a. Manage patient assignment through EHR bed tracker

b. Query by PatientlD

c. Datavisualization

Standard

a SNOMED-CT [http://browser.ihtsdotool s.org/]
b. LOINC [http://search.loinc.org/search.zul ?query=BMI]
¢. RXNORM [http://mww.nlm.nih.gov/research/umls/rxnorm/]

d. ICD10 [http://www.icd10data.com/]

Appendix

Refer to

Critical Care  Nursing Assessment and Flow  Sheet [http://
www.cantonmercy.org/uploads/File/pdf/6334 24Hr_Critical _Care.pdf]

Action

Telemetry RN assumes care of patient
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Draft

Informatics Architecture Use Cases Draft

Step  |Component Narrative
Cognitive Goal: |Evaluate baseline assessment. Determine areas of concern and/or
observations requiring additional interventions.
Actor(s) Telemetry RN
Action Telemetry RN:
Breakdown
a. Attachestelemetry box to patient and ensures monitoring is effective
a. Notes cardiac rhythm: Sinus rhythm without ectopy, HR 84
b. Checksvita signs
a. BP124/78, HR 84, RR 18, Pulse Oximetry on room air: 98%
c. Checksright femoral catheterization site and pedal pulses:
a. Femora site clean and dry with band-aid
b. Bilateral femoral, popliteal, dorsalis pedis, posterior tibialis pulses +2,
feet warm with good color
d. Performs head to toe assessment. Results documented on Telemetry
Nursing Flow Sheet
Technology EHR
a. Integration with biomedical devices
b. Dataentry
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. LOINC [http://search.loinc.org/search.zul ?query=BMI]
Appendix Refer to:
Telemetry Nursing Flow Sheet [http://www.cantonmercy.org/uploads/File/
pdf/6395 Step Down_Telemetry.pdf]
6 Action Cardiac Nurse Practitioner assumes care of patient. Documentsformal History
of Present Iliness (HPI) and performs assessment
Cognitive Goal: | Performassessment. Validate existing orders and ensure no additional orders
are indicated. Determine relevant information to be included in HPI.
Actor(s) Provider
Patient
Action Provider:
Breakdown

a. Queries EHR on PatientID and reviews al documentation and diagnostic
results from ED and Cath Lab

b. Interviews patient about Chief Complaint, PMH, etc.

c. Performs head to toe assessment.

d. Creates HPl documentation
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wNzcgRwb3MDI

QFRBA#view=de

Step  |Component Narrative
e. Enters SOAP note
f. Ensures Cardiac Admission Orders addressall indicated care (no additional
orders are indicated)

Technology EHR
a Datavisudization
b. Dataentry

Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. LOINC [http://search.loinc.org/search.zul ?query=BMI]
¢. RXNORM [http://Aww.nlm.nih.gov/research/umls/rxnorm/]
d. 1CD10 [http://www.icd10data.com/]

Appendix Refer to:
History of Present lllness Documentation [http://r.search.yahoo.com/
_yIt=A0LEVIiP7.KtUJ74AbQAPXQL.; ylu=X30DMTBYNW1iMWN2BHNIY|
RV=2/RE=1420585339/RO=10/RU=http%3a%2f
%2fwww2.sunysuffol k.edu%o2f mecabes¥%2f H%626P%62520gui de%62520f or
%2520pdarev.doc/RK=0/RS=Z7BjPbb7uLomK 15w4NcJV 6eK kBc-]
Head to Toe Physical Assessment Components | http://www.bing.com/images/
search?g=physi cal +assessment
+form&id=93FC06872326E1CAEFD077EA45F90F9A D366E450& FORM=I
SOAP Note Explanation and Example [http://nurseone.ca/~/media/nurseone/
page-content/pdf-en/soap_documentation_e.pdf]

7 Action Cardiac Nurse Practitioner discusses patient’s condition and the indicated plan

of care for the coming days

Cognitive Goal: |Determine recommended plan of care. Engage and educate patient. Assess
patient under standing to facilitate informed decision making.

Actor(s) Provider
Patient

Action Provider discusses the following with the patient:

Breakdown

a Admitting diagnosis: Anterior Wall Myocardial Infarction

b. Procedure performed: PCI with stent placement and resultant clear blood
flow in the left anterior descending coronary artery (LAD)

¢. Indicated care post myocardial infarction
a Aspirin and Clopidigrel for blood thinning

b. Beta-blocker and ACE inhibitor to support cardiac function

c. Lipid lowering medication due to PMH and cardiac risk
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Draft

Informatics Architecture Use Cases Draft

Step  |Component Narrative
d. Echocardiogram to evaluate Left Ventricular Function
e. Serial cardiac enzymes to monitor cardiac markers
f. ECG in am. to evaluate current cardiac rhythm
g. Advance activity astolerated, cardiac rehabilitation after discharge
h. Follow low fat, low cholesterol, low sodium diet
i. Cardiac education
Technology
Standard
Appendix Refer to:
VA/DoD  Clinical  Practice  Guidelines  for ~Management  of
Ischemic Heart Disease [http://www.healthquality.va.gov/guidelines/CD/ihd/
ihd_poc_combined.pdf]
8 Action Patient verbalizes care preferences and goals
Cognitive Goal:
Actor(s) Patient
Provider
Action Patient verbalizes that they are “grateful for the excellent care that has been
Breakdown provided and are willing to do anything and everything that is recommended
to make afull recovery and reduce future risks.”
Technology
Standard
Appendix
9 Action Together, the Nurse Practitioner and Patient agree upon a plan of care after
discussion of recommended plan of care.
Cognitive Goal:
Actor(s) Provider
Patient
Action Care Plan Activities/Targeted I nitation:
Breakdown

a. Anti-platelet medications, as ordered/ In morning

b. Cardiac medications, as ordered/ In morning

c. Lipid lowering medication, as ordered/ This evening
d. Serial cardiac enzymes Immediately

e. ECG and Echocardiogram/ In morning

f. Activity astolerated/ Immediately
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Informatics Architecture Use Cases Draft

Step  |Component Narrative
g. Cardiac diet/ Immediately
h. Cardiac education/ Immediately, reinforce prior to discharge
Technology EHR
a Dataentry of Care Plan
Standard
Appendix
10 Action Dispensing Pharmacist receives notification of new medication orders and
dispenses ordered medications
Cognitive Goal: |Ensure patient safety by evaluating for drug-drug interactions and allergy
concerns.
Actor(s) Disp. Pharmacist
Action Dispensing Pharmacist:
Breakdown
a. Receives natification that new medication orders have been placed and
added to their work queue
b. Pharmacist clicks on the notification link and views medication orders,
admitting diagnosis, and allergies
c. Ensures that there are no drug-drug interactions or medications ordered
that conflict with patient allergies (this is done via decision support of the
pharmacy system)
d. ‘Dispenses medication via Pyxis system for nursing access and
administration
Technology EHR
a. Pharmacy Information System Suite
b. Visualization of data
c. Visualization of eMAR
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. RXNORM [http://www.nlm.nih.gov/research/umls/rxnorm/]
c. 1CD10 [http://www.icd10data.com/]
Appendix
11 Action Telemetry RN performs q 4 hour assessment and enters SOAP note at the end
of hig’her shift
Cognitive Goal: | Evaluate patient condition for procedure complications, clinical improvement,
and observations that indicate a change in the plan of care.
Actor(s) Telemetry RN
Patient
Action Telemetry RN:
Breakdown

323


http://browser.ihtsdotools.org/
http://browser.ihtsdotools.org/
http://www.nlm.nih.gov/research/umls/rxnorm/
http://www.nlm.nih.gov/research/umls/rxnorm/
http://www.icd10data.com/
http://www.icd10data.com/

Draft

Informatics Architecture Use Cases Draft

Step

Component

Narrative

a. Evauates and records cardiac rhythm

a Sinus rhythm without ectopy, HR 78
b. Checksand recordsvital signs

a. BP120/74, HR 78, RR 18, Pulse Oximetry on room air: 99%
¢. Checksright femoral catheterization site and pedal pulses:

a. Femora site clean and dry with band-aid

b. Bilatera femoral, popliteal, dorsalis pedis, posterior tibialis pulses +3,
feet warm with good color

d. Performs head to toe assessment. Results documented on Telemetry
Nursing Flow Sheet

e. Documents input and output
f. Administers Lovastatin 40 mg p.o. by using BCMA system

g. Enters SOAP note at end of shift

Technology

EHR
a. Integration with biomedical devices
b. Dataentry

c. eMAR

Standard

a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. LOINC [http://search.loinc.org/search.zul query=BMI]

¢. RXNORM [http://mww.nlm.nih.gov/research/umls/rxnorm/]

Appendix

Refer to:

Telemetry Nursing Flow Sheet [http://www.cantonmercy.org/uploads/File/
pdf/6395_Step Down_Telemetry.pdf]

SOAP Note Explanation and Example [http://nurseone.ca/~/media/nurseone/
page-content/pdf-en/soap_documentation_e.pdf]

12

Action

Fast forward to the next morning. Sonographer reviews work queue for the
day and completes ordered diagnostic tests.

Cognitive Goal:

Prioritize and manage work queue. Ensure the proper diagnostic test is
performed on the proper patient.

Actor(s)

Sonographer

Action
Breakdown

Sonographer checks work queue in EHR and finds that an Echocardiogram is
ordered for inpatient “John Doe” PatientI D: 323343.

a. Sonographer uses work queue (validating patient via PatientlD) and
reviews diagnostic order and patient history
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Draft

Informatics Architecture Use Cases Draft

Step  |Component Narrative
b. Sonographer adds task to Patient Transport work queue to bring patient
“John Doe” to Ultrasound via wheel chair.
Technology EHR
a. Query by PatientID
b. Datavisualization
. Integration with Patient Transport System
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. LOINC [http://search.loinc.org/search.zul ?query=BMI]
¢. RXNORM [http://Aww.nlm.nih.gov/research/umls/rxnorm/]
Appendix
13 Action Patient Transporter receives notification of patient transfer and completes the
request
Cognitive Goal:
Actor(s) Patient Transporter
Patient
Action Patient Transporter receives notification of transfer task added to their work
Breakdown queue.
a. Transporter opens notification, completes the transfer as requested, and
flags the transfer as compl ete
Technology EHR
a. Integration with Patient Transport System
Standard
Appendix
14 Action Sonographer completes echocardiogram for patient “ John Doe”
Cognitive Goal: |Prioritize and manage work queue. Ensure the proper diagnostic test is
performed on the proper patient.
Actor(s) Sonographer
Action Sonographer checks work queue in EHR and finds that an Echocardiogram is
Breakdown ordered for inpatient “ John Doe” PatientID: 323343.
a. Sonographer uses work queue (validating patient via PatientlD) and
reviews diagnostic order and patient history
b. Sonographer adds task to Patient Transport work queue to bring patient
“John Doe” to Ultrasound via wheel chair.
Technology EHR

a. Query by PatientID

b. Datavisuaization
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Informatics Architecture Use Cases Draft

Step  |Component Narrative
c. Integration with Patient Transport System
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. LOINC [http://search.loinc.org/search.zul ?query=BMI]
¢. RXNORM [http://mww.nlm.nih.gov/research/umls/rxnorm/]
Appendix
15 Action Cardiologist receives notification of inpatient diagnostic test added to his/her
work queue for interpretation
Cognitive Goal: | Accurate evaluation of Echocardiogram (taking reason for exam and patient
history, if needed, in to consideration)
Actor(s) Cardiologist
Action Cardiologist clicks on link in work queue notification to open inpatient
Breakdown echocardiogram reading for “ John Doe”
a. Cardiologist evaluates the reading and enters the interpreted result in the
EHR. Result: Normal echocardiogram. No cardiomegaly or effusion. Good
valve function. Ejection Fraction: 58%
Technology EHR
a. PACssystem
b. Dataentry
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. LOINC [http://search.loinc.org/search.zul ?query=BMI]
Appendix
16 Action Echocardiogram (ECG) Technician views work gqueue and completes ECGs
as ordered
Cognitive Goal: | Task completion. Flag result for interpretation by Cardiologist.
Actor(s) ECG Tech
Action ECG Technician completes ECG, downloads reading, and flags the test as
Breakdown “ready for interpretation” by Cardiologist
Technology
Standard
Appendix
17 Action Cardiologist receives notification of diagnostic test added to his’her work
queue for interpretation
Cognitive Goal: | Accurate evaluation of ECG (taking reason for exam and patient history, if
necessary, in to consideration)
Actor(s) Cardiologist
Action Cardiologist clicks on link in work queue notification to open ECG reading
Breakdown for patient “John Doe”

a. Reviews ECG reading and enters the interpreted result in the EHR. Result:
SR 76. No ectopy. No hypertrophy.
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Draft

Informatics Architecture Use Cases Draft

Step  |Component Narrative

Technology EHR
a Daaentry

Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]

b. LOINC [http://search.loinc.org/search.zul ?2query=BMI]
Appendix
18 Action Cardiac Nurse Practitioner receives notification that diagnostic results are
available for her patient, “John Doe”

Cognitive Goal:

Actor(s) Provider

Action Provider opens link in notification and views ECG and Echocardiogram

Breakdown results.

Technology EHR
a Datavisudization

Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]

b. LOINC [http://search.loinc.org/search.zul ?2query=BMI]
Appendix
19 Action Fast forward to the next morning.
Healthcare team -discusses patient condition and plan of care during
interdisciplinary patient rounds.

Cognitive Goal: | Evaluation of patient condition and indicated care after discharge. |nformed,
collaborative decision-making related to the care indicated for this unique
patient. Thisincludes patient education and engagement.

Actor(s) Provider
Telemetry RN
Charge RN
Social Worker/ Case Manager
Clinical Pharmacist
Patient

Action Healthcare team

Breakdown

a. ReviewsHPI, PMH, course of treatment, and care plan
b. Reviews most recent physical assessment

c. Utilizes Infobutton, Clinical Care Guidelines and other resources to
evaluate indicated discharge care options

d. Formulates a recommended discharge plan that they will discuss with the
patient.
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Step

Component

Narrative

Healthcare team enters patient’ s room to evaluate condition

a Determines that the patient’s condition warrants discharge that afternoon
a. Discuss discharge plans and instructions with the patient

b. Clinica Pharmacist (and Provider) review medications indicated for
discharge (including drug safety, side effects, dosage titration and
interactions), and confirm that the patient should remain on the following

medications as ordered (HCTZ, Lisinopril, Metoprolol, ASA, Lovastatin,
and Clopidogrel)

c. Discussneed for psychosocial support at home. Patient and healthcareteam
agree that no additional support is needed

d. Ensurethat patient receives all indicated education related to heart disease,
heart attack recovery, and post-catheterization recovery

e. Discuss the importance of exercise and cardiac rehabilitation
f. Discuss patient-specific risks

a. Counsel patient on their increased long term mortality risk and the
importance of compliance to care regimen

g. Follow up with Cardiologist on aregular basis

Technology

EHR

a. Datavisualization of Problem List, Care Plan, eEMAR, Patient Goals

Standard

a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. LOINC [http://search.loinc.org/search.zul query=BMI]
¢. RXNORM [http://mww.nlm.nih.gov/research/umls/rxnorm/]

d. 1CD10 [http://www.icd10data.com/]

Appendix

20

Action

Patient verbalizes goal related health condition and discharge

Cognitive Goal:

Actor(s)

Patient
Provider

Healthcare Team

Action
Breakdown

Patient verbalizes that they are eager to change their lifestyle, make healthier
food choices, get in better shape to manage their heart health, and do whatever
else isrecommended.

Technology

EHR

a. Dataentry as Patient Goal

Standard
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Step  |Component Narrative
Appendix
21 Action Patient agreesto the discharge plan that was presented by their healthcare team
Cognitive Goal: |Evaluate patient understanding of their discharge plan of care and
responsibilities, along with their commitment to execute the plan.
Actor(s) Patient
Provider
Healthcare Team
Action Care Plan Activities/ Targeted Initiation
Breakdown
a. ContinueHCTZ, Lisinopril, Metoprolol, ASA, Lovastatin, and Clopidogrel
as ordered, after discharge / Immediately
b. Follow up with Cardiologist in 3 days/ Make appt. immediately
¢. Cardiac education (encourage patient to view ‘Optimizing your Heart
Health’ program on Channel 2 of inpatient TV system shown daily at 10
am. and 2 p.m., nurse will review/discuss cardiac education packet with
patient, provide information about ‘ Living with Heart Disease’ free classes
offered by the hospital system) / Immediately
d. Begin light exercise (walking on a level surface for 5 minutes, 3 times a
day). Add 1 minute to each session, each day until able to complete 10-15
minutes in each session without cardiac symptoms. / Tomorrow
e. Cardiac rehabilitation / Schedule evaluation for 2 weeks after discharge
Technology EHR
a. Dataentry in Care Plan
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. RXNORM [http://www.nlm.nih.gov/research/umls/rxnorm/]
Appendix Refer to:
Exercise and Activity after a Heart Attack [http://www.uwhealth.org/
healthfacts/cardiol ogy/6090.html]
22 Action Provider enters discharge ordersin EHR
Cognitive Goal: |Determine if any additional considerations need to be addressed for patient
discharge
Actor(s) Provider
Action Provider utilizes CPOE to enter the following orders
Breakdown

a. Discharge to home today
b. Follow up with Cardiologist in 3 days

c. Discharge medication:

a. HCTZ 12.5 mg po daily — start in am.
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Step

Component

Narrative

b. Lisinopril 10 mg po daily — start in a.m.
¢. Metoprolol 100 mg po twice daily — start this p.m.
d. ***ASA 325 mg po daily —start ina.m.
e. ***|_ovastatin 40 mg once daily — start this p.m.
f. ***Clopidogrel 75 mg po daily — start inam.
d. Cardiac education
a. Nurseto review cardiac education packet with patient

b. Encourage patient to view ‘Optimizing your Heart Health’ on inpatient
TV channel 2

c¢. Provide information about ‘Living with Heart Disease’ free classes
e. Begin light exercise, astolerated and discussed by healthcare team
f. Cardiac rehabilitation

a. Schedule evaluation for 2 weeks after discharge

g. Provide post Heart Attack and post Cardiac Catheterization discharge
instructions

Technology

EHR

a CPOE

Standard

a SNOMED-CT [http://browser.ihtsdotools.org/]

b. RXNORM [http://www.nlm.nih.gov/research/umls/rxnorm/]

Appendix

23

Action

Telemetry RN receives notification of new ordersin his’her work queue

Cognitive Goal:

Determine level of patient understanding of their condition, plan of care,
lifestyle changes, and follow up care after discharge.

Actor(s)

Telemetry RN

Action
Breakdown

Telemetry RN reviews and implements the above orders as displayed in his/
her work queue.

a After cardiac educationiscompleted, the RN reviewsdischargeinstructions
and ensures patient understands all instructions and the plan of care

b. Provides the patient with copies of all discharge instructions

c. Teachesthe patient how to utilize the Patient Portal to view his’her medical
record after discharge

d. Completes final SOAP note that encompasses all patient education and
discharge teaching that has been reviewed
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Step  |Component Narrative
Technology EHR
a Datavisudization
b. Dataentry
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
Appendix Refer to:
Discharge I nstructions post Heart Attack [http://www.ebscohost.com/images-
nursi ng/assets/ PERC%20-%20Di scharge%20I nstructions¥20Handout. pdf]
Discharge Education and Instructions post Heart Attack (NLM) [http:/
www.nlm.nih.gov/medlinepl us/ency/patientinstructions/000090.htm]
Discharge I nstructions post Cardiac Catheterization [http://www.nlm.nih.gov/
medlineplus/ency/patientinstructions/000091.htm]
24 Action Discharge protocol completion
Cognitive Goal: |What are the relevant facts to communicate about this patient’ s encounter in
the Discharge Summary?
Actor(s) Respective clinician
Action After reviewing discharge instructions with the patient (with return
Breakdown demonstration, if appropriate):
a. The discharge provider's medication orders are sent via e-RX to the
outpatient pharmacy in the lobby.
b. The discharge provider’s referrals are automatically sent to the referring
provider (if applicable)
¢. Thedischarge summary isautomatically sent to the primary care provider’s
office—patient care coordinator
Technology CPOE interoperability with external Pharmacy Suite System
Standard a SNOMED-CT [http://browser.ihtsdotool s.org/]
b. RXNORM [http://www.nlm.nih.gov/research/umls/rxnorm/]
Appendix Refer to:
Hospital Discharge Summary [http://clerkship.medicine.ufl.edu/portfolio/
i nterpersonal -and-communicative-skill s/di scharge-summarytransfer-noteoff-
service-note-instructions/]
25 Action Patient is discharged to home from hospital
Cognitive Goal:
Actor(s) Telemetry RN
Patient
Action Telemetry RN discharges patient to home viawheelchair.
Breakdown
Technology
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Step  |Component Narrative
Standard
Appendix

2.9. Data fields required

See appendix references as examples/guides.

2.10. Notes and Issues

1. Entriesthat include *** indicate compliance with a Meaningful Use clinical quality measure
a. CMS 100 — Aspirin Prescribed at Discharge

b. CMS 30 — Statin Prescribed at Discharge

2.11. References for Clinical Management of Ischemic
Heart Disease

2.12.

American College of Cardiology Foundation and the American Heart Association. (2014) ACC/AHA 2014
Guideline for the Management of Patients With Non-ST-Elevation Acute Coronary Syndromes. Retrieved
from http://circ.ahajournal s.org/content/earl y/2014/09/22/CI R.0000000000000134

National Guideline Clearinghouse. (2013) Unstable Angina and NSTEMI: The Early Management
of Unstable Angina and non-ST Segment Elevation Myocardial Infarction. Retrieved from http://
www.guideline.gov/content.aspx2d=16393. http://www.guideline.gov/content.aspx?d=39429

National Institute for Health and Care Excellence (NICE). (2014) Unstable Angina and NSTEMI: The
Early Management of Unstable Angina and non-ST Segment Elevation Myocardial Infarction. Retrieved
from http://www.nice.org.uk/guidance/cg94

U.S. Department of Veterans Affairs.(2014) VA/DoD Clinical Practice Guidelines. Management of |s-
chemic Heart Disease Core Module Summary. Retrieved from http://www.healthquality.va.gov/guide-
lines/CD/ihd/ihd_sum_combined.pdf

U.S. Department of Veterans Affairs.(2014) VA/DoD Clinical Practice Guidelines. Management of |s-
chemic Heart Disease Pocket Guide. Retrieved from http://www.healthquality.va.gov/guidelines/CD/ihd/
ihd poc_combined.pdf

Additional References

Canadian Nurses Association. (2015). SOAP Documentation. Retrieved from http://nurseone.ca/~/me-
dia/nurseone/page-content/pdf-en/soap_documentation_e.pdf

First Hospital. Discharge Instruction for Heart Attack. Retrieved from http://www.ebscohost.com/im-
ages-nursi ng/assets/ PERC%20-%20Di scharge%020I nstructi ons%20Handout. pdf

Health Assessment Form. Retrieved from http://image.dlidesharecdn.com/physical assessment-
form-100930173546-phpapp02/95/dide-1-728.jpg?cb=1285886194

Mercy Medical Center. 24 Hour Critical Care Flow Record (ICU; CCU & CVSICU). Retrieved from
http://www.cantonmercy.org/uploads/File/pdf/6334 24Hr Critical Care.pdf
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Mercy Medical Center. Sep Down/Telemetry 24 Hour Flow Assessment Record. Retrieved from http:/
www.cantonmercy.org/uploads/File/pdf/6395_ Step Down_Telemetry.pdf

Observational Medical Outcomes Partnership (OMOP). (2014). OMOP standard vocabulary specifica-
tion. Washington, DC: Innovation in Medical Evidence Development and Surveillance, The Reagan-Udall
Foundation for the Food and Drug Administration. Retrieved from http://omop.org/V ocabul aries

United States National Library of Medicine. (2015). Angioplasty and Stent — Heart Damage. Retrieved
from http://www.nlm.nih.gov/medlineplus/ency/patientinstructi ons/000091.htm

United States National Library of Medicine. (2015). Heart Attack — Discharge. Retrieved from http:/
www.nlm.nih.gov/medlinepl us/ency/patienti nstructions/000090.htm

University of FloridaHealth. Discharge Summary/Transfer Note/Off-Service Note Instructions. Retrieved
from http://clerkship.medicine.ufl.edu/portfolio/inter personal -and-communi cative-skill /discharge-sum-
marytransfer-noteoff-service-note-instructions/

University of Wisconsin Health. (2015). Health Fact for Y ou: Exercise and Activity After a heart Attack.
Retrieved from http://www.uwheal th.org/healthfacts/cardiol ogy/6090.html

3. Congestive Heart Failure: Previously Diag-
nosed, Acute Exacerbation - Emergency Care

CHF

3.1. Introduction

15.Thisuse casewas created to eval uate the ontol ogy created by the VistA Evolution GUI Research project.
It includes common assessments, observations, interventions, and cognitive goalsthat arisewhile caring
for apatient in this scenario to ensure that the ontology can accommodate these concepts.

16.All clinical datain this use caseis synthetic. Data was created to support the flow of this use case and
provide examples of clinical observations that are documented throughout the interaction.

17.Clinical decision making in this use case is based, primarily, on VA/DoD Clinical Practice Guidelines
for the Management of Chronic Heart Failure, available at: http://www.healthquality.va.gov/guide-
lines/cd/chf/index.asp

18.Additional clinical resources are listed below in the Reference section.

19.The intent of this use case is to capture actions that may occur when a patient presents to the hospital
with a CHF acute exacerbation. Many of the steps in this use case occur concurrently in an emergent
case. In similar scenarios, the same actions may occur in slightly different order.

20.Cognitive goals are included in some ‘Actions to provide insight on the Provider or healthcare
professional’ s mental process at that point of the encounter.

21 Hyperlinks present in the Appendix column are included to provide examples of the data fields and
values that may be entered by the EHR user during this step of the use case.

22 Hyperlinks present in the Standards column suggest standardized terminologies that may be used to
capture datain this step of the use case.
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3.2. Actors

Patient: aperson receiving or registered to receive medical treatment

Provider: Physician, physician assistant (PA), or nurse practitioner (NP). All are skilled health-care pro-
fessionals trained and licensed to diagnose and treat patients within their defined scope of practice.

Registration Clerk (Reg. Clerk): ahospital employee that collects demographic, insurance and “reason for
visit” information from a new patient and enters this information in to the Admission/Discharge/Transfer
(ADT) system and/or the electronic health record (EHR).

Triage Nurse (Triage RN): A licensed nurse that assesses symptoms, health-related complaints, and vital
signs to determine the degree of urgency for care.

Unit Clerk (UC): ahospital employeethat performs administrative dutiesto facilitate workflow and patient
carein the emergency department (ED) or a nursing unit.

Emergency Department Technician (ED Tech): a hospital employee that is trained to provide basic
tasks such as vital signs and laboratory draws under the supervision of an RN or Provider.

Registered Nurse (RN): alicensed healthcare professional that is trained to provide nursing care to pa-
tientsin inpatient and outpatient settings, within their defined scope of practice.

Licensed Social Worker (LSW): alicensed healthcare professional that assists patients to improve their
quality of life and social needs, and facilitates care after discharge.

Nurse' sAide/Assistant (NA): atrained healthcareworker that provides assi stance with patient care, under
the supervision of an RN.

Clinical Phar macist —alicensed healthcare professional that often collaborates with physicians and other
healthcare professionals to coordinate pharmaceutical interventions and promote health and disease pre-
vention within their scope of practice.

Dispensing Pharmacist — a licensed healthcare professional that dispenses medications, monitors med-
ication parameters and potential drug interactions, and provides information about medications, within
their scope of practice.

Radiology Technician (Rad Tech) —alicensed radiography professional that performs diagnostic imag-
ing exams on patients to help physicians assessillness and injury.

Radiologist - alicensed physician that specializesin diagnosing and treating diseases and injuries by using
medical imaging.

EK G Technician (EKG Tech) —acardiology technologist that administers basic electrocardiogram tests
to patients. The results are then read by a cardiologist or other licensed physician.

Respiratory Therapist (RT) — alicensed healthcare practitioner that provides care and treatment to pa-
tients requiring breathing and oxygenation support.

Charge RN — a registered nurse that is responsible for the efficient management of a nursing unit or
department, including admissions, discharges, and the oversight of all nursing and support staff.

Medical Sonographer (Ultrasound Technician) — trained healthcare professionals that operate specia
imaging equipment to create/capture images helping providers assess and diagnose medical conditions.

House Supervisor — registered nurse who coordinates bed management and staff mix in the hospital to
assure that effective nursing services are provided, and quality standards are met.
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Hospitalist — A physician whose primary focus is the general medical care of hospitalized patients.

3.3. Description

A 72-year-old white femal e presents to the emergency department (ED), with her adult daughter, in mod-
erate respiratory distress (using accessory muscles) with the ability to say three to four words in between
respirations. The patient indicates the problem has progressively gotten worse within the past 24 hours.
The patient complains of a persistent cough (especially at night). Note that patient reports that she has
not taken any of her medications for her “sugar and heart” in about one week (because she ran out and
could not get her medications refilled). Patient appears pale, sweaty, and dusky nailbeds noticed. Through
the daughter and with acknowledgement from the patient, the triage nurse identifies the patient. Respira-
tory distressis potentially life threatening (Emergency Severity Index Triage Tool for EDs); therefore, the
medical team urgently treats the patient.

3.4. Trigger

1. Patient’s adult daughter brings the patient to the ED.

2. Patient isin respiratory distress (use of accessory muscles).

3.5. Preconditions

1. Obesity (adult onset)

2. Diabetes Type 2 (15 years ago)

3. Hypertension (15 years ago)

4. Heart failure (1 year ago)

5. Myocardia Infarction (M) 2 years ago)
6. Dsylipidemia (2 years ago)

Note: The health system’s electronic health record (EHR) shows that the patient has been seen at the
hospital previously. And, most recently treated (slightly over three months ago) for an acute heart failure
episode with a hospital stay of two days. The patient’s past medical history and medications are present
inthe EHR.

3.6. Postconditions

Minimal guarantees:

1. Datafields required to support this clinical workflow will be present in the EHR.
2. Dataentered will be stored utilizing the appropriate clinical vocabulary.

Success guarantees:

1. EHR supports patient-centered care, guided by goals set by the patient.

2. Patient receives evidence-based care based on the health concerns that are noted during the outpatient
visit.

3. Patient will achieve improved outcomes and satisfaction as a result of care facilitated by EHR func-
tionality.

335



Draft

Informatics Architecture Use Cases Draft

3.7. Assumptions

1.

Emergency Department (ED) is capabl e of providing assessment and initial treatment of life-threatening
conditions.

. ED utilizes atrained healthcare professional to triage (prioritize the care of patients based on clinical

need) patients presenting to the ER.

. ED utilizesthe following triage levels:

a. Resuscitation —immediate threat to life (i.e. cardiac or respiratory arrest, mgjor trauma, shock, etc.)

b. Emergent — potential threat to life (i.e. chest pain with cardiac suspicion, severe respiratory distress,
decreased level of consciousness (LOC), etc.)

c¢. Urgent — condition with significant distress (i.e. mild to moderate respiratory distress, head injury
without decrease in LOC but with vomiting, etc.)

d. Lessurgent —conditionswith mild to moderate discomfort (i.e. head injury —alert without vomiting,
depression without suicidal attempt)

e. Non-urgent — conditions are minor and treatment can be delayed (i.e. skin lacerations, sore throat,
etc.)

. All RNs, PAs, NPs, and physicians are certified in Advance Cardiac Life Support (ACLS).

. Hospital isaLevel 1 trauma center that is equipped to handle patients who present with any and all

levels of medical severity.

. Hospital has a full service Cardiac Catheterization Laboratory that has an Accreditation for Cardio-

vascular Excellence (ACE) and is credentialed to provide percutaneous cardiac interventions (PCl),
including the placement of cardiac stents.

. Hospital has an Interventional Cardiologist on call, who is present in the hospital and available to do

an emergent PCI.

. The Cardiac Catheterization unit has a room and staff available to support an emergent PCI case.

. EHR is able to send notifications to healthcare providers when atask has been added to their work list

(i.e. Radiology Technician receives natification when an X-ray has been added to his’her work list).

10.EHR isintegrated with Picture Archiving Communication System (PACS).

11.EHR has computerized physician order entry (CPOE) functionality.

12 Medications ordered via CPOE system automatically populate the electronic Medication Administra-

tion Record (EMAR).

a. Statusof medication administration is documented ontheeMAR (i.e. ‘G’ for Given, ‘R’ for Refused
by Patient, etc.), along with the healthcare professional’ s electronic signature and any pertinent in-
formation (i.e. heart rate when administering a beta-blocker, or the reason for patient refusal when
entering ‘R’ for Refused by Patient)

13.Facility uses Bar Code Medication Administration (BCMA) system to validate administration of med-

ication to all ED and inpatients.

14 BCMA system isintegrated with the EHR.
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15.EHR can manage the transition from Triage to Provider (e.g., move from one work list to another),
ED to inpatient, etc.

16.EHR is able to generate referral request as entered by Provider.

17.Standard vocabularies utilized by the organization include: 1CD10 for diagnosis, RxNorm for medi-
cations, SNOMED-CT for clinical assessments, care that is provided and lab results, and LOINC for
laboratory tests.

3.8. Normal Flow

Step  |Component Narrative
1 Action Patient’s family member (daughter) pulls up to ED entrance, and with
assistance, pushes her mother into the ED
Cognitive Goal:
Actor(s) Patient’s family member
Patient
Triage RN
ED Tech
Action ED Tech assists patient from car to wheel chair, and wheelsto the Triage area.
Breakdown
Technology
Standard
Appendix
2 Action Triage RN completes a brief assessment to determine the patient’s condition
and the urgency of required care.
Cognitive Goal: | Rapid assessment of patient condition. Patient Goal: “ | amhaving areal hard
time breathing. Please don't let me die.”
Actor(s) Patient
Triage RN
ED Tech
Family member
Action Chief Complaint: “I am having areal hard time breathing. Especially when |
Breakdown try to walk and at night. My breathing has gotten worse since | have not been

able to take my sugar and heart medications for over aweek.”
Allergies: NKDA

Current medications:

a Carvedilol 25mg PO BID

b. Captopril 12.5mg PO TID

c. Furosemide 20mg PO QD
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Step

Component

Narrative

d. Digoxin 0.125mcg PO QD
e. Lipitor 40mg PO QD

f. Lantus  [http://www.lantus.com/hcp/dosing-titration/dosing-cal cul ator]
(Insulin Gargine) 16U SC QD

g. High level assessment:
» LOC: Alert and fully oriented (x3)
e Temp: 9 F
* BP: 190/92 mmHg
* HR: 118 bpm
» Cardiac rhythm (ECG): Sinus tachycardia (ST) without ectopy
* Resp: 26/min and shallow
» Pulse Oximetry: 90% on room air
 Skin: pale and diaphoretic

» Weight: 190lbs (with ~5lb weight gain in the past week)

Technology

EHR

a. Dataentry

Standard

a. SNOMED-CT [http://browser.ihtsdotools.org/]

b. LOINC [http://search.loinc.org/search.zul query=BMI]

Appendix

Sample Triage Assessment Form [http://img.docstoccdn.com/thumb/
0rig/70160047.png]

Action

Triage RN determines that patient has a severity index of ‘2" requiring
immediate emergency nursing care.

Note: Steps 2 and 3 often occur concurrently.

Cognitive Goal:

Assessment of severity of condition. Isthe patient’ s condition life threatening?

Actor(s)

Triage RN
Patient

ED Charge RN
ED Physician

ED RN

Action
Breakdown

Triage RN does the following:

a Patient placed on stretcher (with triage nurse and ED tech). Moves the
patient via stretcher to the ‘Emergent’ section of the ED

338


http://www.lantus.com/hcp/dosing-titration/dosing-calculator
http://www.lantus.com/hcp/dosing-titration/dosing-calculator
http://browser.ihtsdotools.org/
http://browser.ihtsdotools.org/
http://search.loinc.org/search.zul?query=BMI
http://search.loinc.org/search.zul?query=BMI
http://img.docstoccdn.com/thumb/orig/70160047.png
http://img.docstoccdn.com/thumb/orig/70160047.png
http://img.docstoccdn.com/thumb/orig/70160047.png

Draft

Informatics Architecture Use Cases Draft

Step  |Component Narrative
b. Notifies the ED charge nurse and ED attending physician of the new ED
patient and their condition
¢. Flagsthe patient as requiring Emergent care by an RN in the EHR
d. Provides transition of care report to the ED RN that will be caring for the
patient

Technology EHR
a. Statusentry
b. Datavisualization for report

Standard

Appendix Emergency Severity Index Triage Tool for EDs [http://www.ahrg.gov/
professional §/systems/hospital/esi/esi 1.html]
Treatment Algorithm [http://www.healthquality.va.gov/guidelines/CD/chf/
chf_full_text.pdf] (p. 7)

4 Action ED RN initiates standing ordersfor emergency interventionsthat are indicated

in the management of heart failure.

Cognitive Goal: |Select and implement appropriate emergency interventions to hypertension
and respiratory distress.

Actor(s) ED RN
ED Tech
Patient

Action ED RN does the following (unless noted as being delegated to the ED Tech):

Breakdown

a. Placesthe patient on a cardiac monitor (patient is still in ST)

b. Obtains updated set of vital signs (BP: 186/90, HR: 115, RR: 26)

c. Placesthe patient on 6L of oxygen (O2) via non-rebreather face mask
d. Completes 12 lead electrocardiogram (ECG)

a. Sinus tachycardia (ST) Q waves in the inferior leads, inferolateral ST-
and T-wave changes (This is unchanged from the previous admission-3
months ago).

b. ED Provider isnotified
e. Startsa periphera intravenous (IV) line — performed by EDT

f. Sends blood sample for BNP, CMP, Magnesium, Phosphorus, CBC, CPK -
MB, Troponin, PT/PTT — orders for labs entered by RN, blood drawn and
sent by EDT

g. Performs POC blood glucose: 200 mg/dL — performed by EDT when labs
were drawn (in f)
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Step

Component

Narrative

h. Administers medications (medications available in ED Pyxis)

a Nitroglycerin IV, 5mecg/minute titrating rapidly by 20mcg/min until
systolic BP is 120<150 mmHg

i. Highlights the medication in the eMAR, scans the medication, next
scans the patient, then administers the medication after receiving
BCMA verification of appropriate administration

b. Insulin Sliding Scale protocol

i. Follows process noted above for nitroglycerin IV administration
¢. Furosemide 20mg IV administration one dose

i. Follows process noted above for nitroglycerin

ii. If the patient does not produce 250ml urine in first 30 minutes,
furosemide 40mg 1V x1 should be administered

i. Orders Chest X-ray (CXR)- PA and Lateral views
j. Echocardiogram not indicated because previously done three months ago.

Note: Each of theseinterventionsis‘ordered’ by activating the* Standard ED
Order Set for Chest Pain.” The ED RN enters the orders as verbal orders,
which arethen * signed” by the Provider in the EHR.

Note: RN specifies*Nurse draw’ when entering order for lab work. EHR
integrates with department printer, which prints labels for blood tubes. If the
RN had specified ‘Lab draw’ the blood draw would have been added to a
Laboratory Technician’swork list.

Technology

EHR

a. Biomedical device integration to record VS and pulse oximetry
b. Dataentry of care performed

c. Activation of standing order set for chest pain via CPOE by RN

Documents medications that were administered in the Medication
Administration Record (MAR)

Standard

a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. LOINC [http://search.loinc.org/search.zul 2query=BMI]

c. RXNORM [http://mww.nlm.nih.gov/research/umls/rxnorm/]

Appendix

Heart Failure Emergency Department Orders| http://www.scpcp.org/webdocs/
hf-shared-practi ces/K E%202/FRH%20ED%200rder%20Set. pdf]

MAR Sample
MARS CHART_EXAMPLE.PDF]

[http://pharmacyprime.ie/PDF/
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Step  |Component Narrative
VA Clinical Practice Guidelinesfor the Management of Chronic Heart Failure
[http:/Iwww.healthquality.va.gov/guidelines’CD/chf/chf_full_text.pdf]
Standing Sliding Scae Insulin Orders [http://
www.pharmacypracti cenews.com/downl oad/insulinglidingscal e.pdf]
5 Action Provider receives notification that standing orders (function as verbal orders
requiring signature) has been placed in his’her name
Cognitive Goal:
Actor(s) Provider
Action Provider opens notification and views the task listed in their work queue
Breakdown
a. Provider opens patient record in EHR and views data entered to date
b. Provider enters ED room to assess patient (assessment results are
documented in Sep 13)
Technology EHR
a. Notification system
b. Datavisualization
Standard
Appendix
6 Action Registration clerk entersinsurance and demographicinformationintothe EHR
system viatablet as verified by the patient’ s wife.
Cognitive Goal:
Actor(s) Registration Clerk
Family member
Action Registration Clerk enters/validates/updates the following information in to the
Breakdown system:
a. Demographic information
b. Primary and Secondary Insurance information: Medicare, member #: xxx-
XX, €tC.
¢. Next of Kin contact information
d. Religious preference
Technology EHR Registration System
a. Dataentry
Standard a. Address [http://pe.usps.gov/cpim/ftp/pubs/Pub28/pub28.pdf]

b. Sex [http://phinvads.cdc.gov/ivads/ViewV aueSet.action?
0i10=2.16.840.1.114222.4.11.1038]

c. Ethnicity [http://www.whitehouse.gov/omb/fedreg_1997standards]
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Step  |Component Narrative
d. Race [http://www.cdc.gov/minorityheal th/popul ationsy REM P/
definitions.html]
Appendix Hospital Registration Form [http://www.saintpetershcs.com/upl oadedFiles/
preadmi ssion%202010.pdf]

7 Action ED RN evaluates respiratory effort and function, along with vital signs
Cognitive Goal: | Evaluate effectiveness of interventions and need for escalation of therapy.
Actor(s) ED RN

Patient
Action a. Patient isreporting slight to moderate ease with breathing difficulty
Breakdown
b. VS: BP 150/80, HR 96, RR 20, Pulse Ox: 95% on 6L non-rebreather
c¢. Nitroglycerin IV at 45 mcg/min with SBP=120<150 mmHg
Technology EHR
a. Biomedical device integration to record VS and pulse oximetry
b. Dataentry of care performed
c. Documents medications that were administered in the electronic
Medication Administration Record (eMAR)
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. LOINC [http://search.loinc.org/search.zul query=BMI]
¢. RXNORM [http://mww.nlm.nih.gov/research/umls/rxnorm/]
Appendix
8 Action Radiology Technician (Rad Tech) receives notification that adiagnostic X-ray
for an Emergent ED patient has been added to his’her work list
Cognitive Goal: |Management of work queue. Ensure the proper diagnostic test is performed
on the proper patient.
Actor(s) Rad Tech
Patient
Action Rad Tech receives notification that a task has been added to his/her work list
Breakdown for an Emergent ED patient.
a. Rad Tech checkswork listin EHR, compl etes the procedure as ordered and
documents completion.
b. Rad Tech flagsthe CXR as ‘ready for interpretation’ by Radiologist
Technology EHR

a. Integration with Notification system

b. Dataentry

c. Status entry
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Step  |Component Narrative
Standard a. LOINC [http://search.loinc.org/search.zul ?query=BMI]
Appendix
9 Action Radiologist receives notification that a CXR is ready for interpretation for an
Emergent ED patient
Cognitive Goal: |Accurate evaluation of CXR (taking reason for CXR and old films in to
consideration)
Actor(s) Radiologist
Action Radiologist receives notification that a chest film is ready for interpretation.
Breakdown
a Radiologist checks work list in EHR, views the indicated CXR and enters
the CXR results and interpretation.
b. Radiologist flagsthe CXR as ‘ Resulted’
Technology EHR integration with PACS and Notification system
a. Image visualization
b. Dataentry
c. Statusentry
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. LOINC [http://search.loinc.org/search.zul ?query=BMI]
Appendix CXR Result Format [http://radreport.org/template/0000102]
10 Action Provider receives notification that the CXR results are available
Cognitive Goal:
Actor(s) Provider
Action Provider receives notification that a CXR ordered in their name has been
Breakdown ‘resulted.”
a. Provider pulls up results via hospital issued smart phone.
b. Provider utilizes EHR to view chest film to compare against previous
images (if available).
Technology EHR integration with PACS and Notification system
a. Image visualization
b. Datavisualization
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. LOINC [http://search.loinc.org/search.zul ?query=BMI]
Appendix CXR Result Format [http://radreport.org/template/0000102]
11 Action Registration clerk (Reg. Clerk) obtains Advance Directive and Authorization
for Disclosure of Personal Health Information (PHI) from patient
Cognitive Goal:
Actor(s) Reg. Clerk
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Step  |Component Narrative
Patient
Action Reg. Clerk provides tablet with Advance Directive and Authorization for
Breakdown Disclosure of PHI information of forms.
a. Patient completes Advance Directive form
b. Patient waives Authorization for Disclosure of PHI at thistime.
Technology EHR integration with hand held tablets
Standard
Appendix Advance Directives Form [http://www.saintpetershcs.com/uploadedFiles/
Advancedirective.pdf]
Authorization for Disclosure of Protected Health Information [http:/
www.sai ntpetershes.com/upl oadedFiles/Policy%20768-7%20-
%20A ttachment%620-%20A uthori zation%20-%20For%20Rel ease%200f
%20Health%620I nformati on%20REV | SED%2003-25-10.pdf]
12 Action ED RN receives notification that diagnostic results have been returned for this
patient
Cognitive Goal: |Ensureresults are not life threatening or will affect indicated treatment.
Actor(s) ED RN
Action ED RN receives alert that lab and CXR results have been returned. He/she
Breakdown accesses |ab resultsin the EHR. Relevant lab valuesinclude:

Cardiac Values
Troponin: <0.1 meg/ml
CK: 150 ng/ml

CK-MB: 3 ng/ml

BNP 620 mg/mL (H)
CBC

RBC=4.03 trillion cells/L
WBC=6.4 hillion cells/L
Hgb=13.2 g/dL
Hct=37.5%

PIt=300 hillion/L

CMP

Albumin=4.2 g/dL
Alkaline phosphate=95 [U/L

ALT=20IU/L
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Draft

Step

Component

Narrative

AST=211U/L
BUN=14 mg/dL
Calcium=9.0 mg/dL
Chloride=100 mmol/L
C02=28 mmol/L
Creatinine=1.9 mg/dL (H)
Glucose=200 mg/dL
Potassium=4.5 mEg/L
Sodium=140 mEg/L
Total bilirubin=1.1 mg/dL
Total protein=7.0 g/dL
Magnesium=2.8 mEg/L
Phosphorus=2.1 mEg/L
ABG

Ph=7.44

PaC02=35

Pa02=68.2 (L)
Sa02=90% (L)
HCO3=23

BE=-0.75

Note=Room Air

Coags

PT: 12 seconds

PTT: 63 seconds

CXR

Mildly enlarged cardiac silhouette and pulmonary venous congestion

Note: pulmonary venous congestion is new when compared to previously

hospital admission’s discharge CXR

Echo (from previous hospital admission, three months ago)
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Step

Component

Narrative

mildly dilated left ventricle with dlightly increased wall thickness,
inferobasilar akinesis, and an g ection fraction (EF) estimated at 35% to 40%

Technology

EHR

a. Visudlization of |ab and diagnostic reports

Standard

a. SNOMED-CT [http://browser.ihtsdotools.org/]

b. LOINC [http://search.loinc.org/search.zul query=BMI]

Appendix

13

Action

Provider assesses patient

Cognitive Goal:

Expedite History and Physical. Formulate differential diagnosis (e.g.,
Exacerbation of CHF vs Pulmonary Embolism).

Actor(s)

Provider

Patient

Action
Breakdown

a. Confirms past medical history (PMH) and enters active conditions to the
Problem List ( CHF, Obesity, DM Type 2, HTN, MI 2 years ago)

b. Confirmsallergies: NKDA
c¢. Confirms current medications listed in step 2.
d. Smoking history: No tobacco use
e. Completes physical assessment
a Neuro: Alert and fully oriented
b. CV: No Chest pain, S1S2, S3 (common with volume overload)

¢. Resp: 20 and dlightly shallow. Lungs rales lower |obes bilaterally with
wheezing

d. Gl: Abdomen soft, flat with bowel soundsin all quadrants.
€. GU: Verbalizes no problems with voiding

f. Skin: Slightly pale. Diaphoretic. Warm and intact. +1 pedal edema
bilateral

g. Psych: Calm and cooperative with wife present

Technology

EHR

a Dataentry to Problem List, Allergies and Current Medication

b. Visualization of lab and diagnostic reports

c. Dataentry of assessment

Standard

a. SNOMED-CT [http://browser.ihtsdotools.org/]

b. ICD-10 [http://www.icd10data.com/]
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QFRBA#view=de

Step  |Component Narrative
c. LOINC [http://search.loinc.org/search.zul ?query=BMI]
d. RXNORM [http:/Aww.nlm.nih.gov/research/umls/rxnorm/]
Appendix Adult Health History [http://georgetownmedical.com/util/documents/hx-
physical-form.pdf]
Head to Toe Physical Assessment Components|http://www.bing.com/images/
search?g=physi cal +assessment
+form& 1d=93FC06872326E1CAEFD077EA 45F90F9A D366E450& FORM=I
14 Action Provider discusses clinical findings and treatment options with patient
Cognitive Goal: |Engage and educate patient. Assess patient understanding to facilitate
informed decisions. Patient Goal: “ | am starting to feel a little better. | just
want to be back to my normal. | know | need to take my meds.”
Actor(s) Provider
Patient
Action a. Diagnosis confirmed by previous medical history, lab results, CXR,
Breakdown previous echo, and physical assessment: Acute exacerbation, congestive
heart failure (respiratory distress, DM type 2, hypertension)
a. Problem list reviewed and updated
b. Recommendation:
i. AdmissiontoIMC
i. Reintroduce outpatient medication regimen controlling heart failure,
hypertension, and DM type 2
ii. Start anticoagulation therapy (clinical guidelines/protocol)
ii. Start education with patient and help identify barriers to self-care
(including medication management adherence)
Note: full education is not appropriate during emergent medical
management; this task will be carried out through the inpatient and
discharge process
iii. Provider can access Clinical Care Guidelines, American Cardiology,
American Heart Association, and American Diabetes Association
resources via hyperlink or Infobutton, as needed
Technology EHR
a Dataentry to Problem List
Standard
Appendix
15 Action Patient conveys agreement to the treatment plan of care
Cognitive Goal:
Actor(s) Provider
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Step

Component

Narrative

Patient

Action
Breakdown

Care Plan Activities/ Targeted Completion

a. Signsverbal order that ED RN entered to activate ED standing orders for
patients presenting with heart failure / Immediately

b. Admissionto IMC/ Once bed isavailable
i. Nothing to eat or drink until respiratory distress dissipates

¢. Wean nitroglycerine 1V once PO medications have been dispensed by
pharmacy / Immediately

Technology

EHR

a Dataentry of Care Plan

Standard

Appendix

16

Action

Provider utilizes CPOE to enter orders for agreed upon care

Cognitive Goal:

Determine appropriate orders for this patient.

Actor(s)

Provider

Action
Breakdown

Provider enters the following orders:

1. Admit to IMC, transfer order, with recommended orders for Hospitalist
(provider)

2. Move patient to O2 NC, starting at 6L as tolerated keeping Sa02 >95%,
Notify MD and perform ABG if Sa02 <95%

3. CHF Admission Order Set
4. Lovenox 40mg SC QD

5. Carvedilol 25 mg PO BID

6. Captopril 12.5 mg PO TID
7. Furosemide 20 mg PO QD
8. Digoxin 0.125 mcg PO QD

9. Lantus  [http://www.lantus.com/hcp/dosing-titration/dosing-cal cul ator]
(Insulin Gargine) 16U SC QD (starting with normal cardiac diet, tomorrow)

10.Titrate nitroglycerine by half within first 30 minutes of administration of
PO medications; turn off nitroglycerine 1 hour after administration of PO
medications

Note: notify MD if systolic BP >150mmHg

Technology

EHR

a CPOE
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Step  |Component Narrative
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. RXNORM [http://mww.nlm.nih.gov/research/umls/rxnorm/]
Appendix Heart Failure Admission Order Set [https://www.heart.org/idc/groups/heart-
public/ @wem/@hem/ @gwtg/documents/downl oadable/ucm_308978.pdf]
17 Action Nurse pages house supervisor for bed management/admission
Cognitive Goal:
Actor(s) ED RN
House Supervisor
Action ED RN pages house supervisor relaying new admission to hospital . Admission
Breakdown order also triggers on house supervisor’ swork queue (within the EHR)
Technology EHR
a. Work queue
Standard
Appendix Heart Failure Admission Order Set [https://www.heart.org/idc/groups/heart-
public/ @wem/@hem/@gwtg/documents/downl oadable/ucm_308978.pdf]
18 Action ED RN receives notification of new order for Patient| D #HH#H#H#HH.
Cognitive Goal:
Actor(s) ED RN
Action ED RN receives notification that the provider has placed admission orders to
Breakdown IMC
Technology EHR integration with Notification system
Standard
Appendix ED Flow Sheet [http://www.azdhs.gov/bems/documents/trauma/
Emergency ServicesTraumar| owSheet. pdf]
19 Action ED RN administers cardiac medications, as ordered
Cognitive Goal: |Evaluate how respiratory status, BP, and urinary output has been affected by
medi cation therapy.
Actor(s) ED RN
Patient
Action a. ED RN evaluates vital signs, 1/0, and respiratory status
Breakdown

b. BP: VS: BP 148/88, HR 90, RR 20, Pulse Ox: 98% on 6LNC, U/O=600
ml/last hour

c. Enters BP 148/88 when prompted to evaluate patient's BP with
nitroglycerine drip continuing

d. Enters‘I’ for Infusing in eMAR and rate of 45 mcg/min
Scans patient’ s wristband

e. Note: elevated blood glucoses will be managed once transferred to IMC
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Step  |Component Narrative
Technology EHR
a. Biomedical device integration to record VS and pulse oximetry
b. Dataentry of care performed
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. LOINC [http://search.loinc.org/search.zul ?query=BMI]
¢. RXNORM [http://mww.nlm.nih.gov/research/umls/rxnorm/]
Appendix
20 Action House supervisor has found bed placement in IMC
Cognitive Goal:
Actor(s) House Supervisor
ED Nurse
Action a. House supervisor calls ED nurse and provides information on IMC
Breakdown admission bed
b. House supervisor changes patient bed to a transfer status to IMC bed
(indicating patient remainsin ED until transfer is complete)
Technology EHR
a. Work queue
b. Bed management
Standard
Appendix
21 Action ED RN provides transition of care report to the IMC RN that will be caring
for the patient
Cognitive Goal:
Actor(s) ED RN
IMC RN
Action Report is completed verbally, over the phone. IMC RN enters PatientID in
Breakdown computer, views all documentation entered in ED, and accepts patient as an
assignment.
Technology EHR
a. Query
b. Datavisualization
¢. Bed management
Standard
Appendix
22 Action Patient is transferred to IMC via stretcher
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Step  |Component Narrative
Cognitive Goal:
Actor(s) ED RN
Patient
IMC RN
Action IMC RN assumes careof the patient, will review and acknowledge heart failure
Breakdown admission orders while patient is being transported from ED to IMC.
Note: Patient istransported by ED RN and ED Tech (because of patient acuity
to cardiac care).
Technology
Standard
Appendix

3.9. Data fields required

See appendix references as examples/guides

3.10. Notes and Issues

References for Clinical Management of Ischemic Heart
Disease

3.11.

Konstam, M., & Mann, D. (2002). Contemporary medical options for treating patient with heart failure.
Circulation, 105, 2244-2246. Retrieved from http://circ.ahajournals.org

Pharmacy Benefits Management Strategic Healthcare Group and Medical Advisory Panel, VeteransHealth
Administration. (2007). PBM-MAP clinical practice guideline for the pharmacologic management of
chronic heart failurein primary care practice (Department of Veterans Affairs Publication No. 00-0015).
Washington, DC: Government Printing Office. Retrieved from http://www.healthquality.va.gov/guide-
lines/CD/chf/

Porter, R., &Kaplan, J. (Eds.). (2011). The Merck manual of diagnosis and therapy (19th ed.). Whitehouse
Station, NJ: Merck Sharp & Dohme Corp.

Storrow, A. (2010). New recommendations for acute heart failure treatment in the emergency department.
Retrieved from http://www.emcreg.org/publications/monographs/2010/2010mono_abs.pdf

Additional References

Agency for Healthcare Research and Quality. (2011). Emergency Severity Index (ES). A Triage Tool for
Emergency Department Care. Version 4. Retrieved from http://www.ahrg.gov/professi onals/systems/hos-
pital/esi/esihandbk.pdf

Arizona Department of Health Services. (n.d.). Emergency services trauma flow sheet. Retrieved from
http://www.azdhs.gov/bems/documents/trauma/Emergency ServicesT raumaF| owSheet. pdf

Bureau of Labor Statistics, U.S. Department of Labor. (2014). Occupational outlook handbook (2014-15
ed.). Retrieved from http://www.bls.gov/ooh/
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Forbes Regional Hospital. (2012). HF ED orders. Retrieved from http://www.scpcp.org/webdocs/hf-
shared-practices/K E%202/FRH%20ED%200rder%20Set. pdf

Georgetown University Medical Clinic. (2015). Initial Clinical History and Physical Form. Retrieved
from http://georgetownmedi cal.com/util/documents/hx-physi cal-form.pdf

Hazelton  General  Hospital.  (2009). Heart failure admission order set. Re
trieved from https.//www.heart.org/idc/groups/heart-public/ @wcm/@hcm/ @gwtg/documents/downl oad-
able/lucm_308978.pdf

Health Assessment Form. Retrieved from http://image.slidesharecdn.com/physical assessment-
form-100930173546-phpapp02/95/dlide-1-728.j pg?ch=1285886194

Observational Medical Outcomes Partnership (OMOP). (2014). OMOP standard vocabulary specifica-
tion. Washington, DC: Innovation in Medical Evidence Development and Surveillance, The Reagan-Udall
Foundation for the Food and Drug Administration. Retrieved from http://omop.org/V ocabularies

Pharmacy Prime. MARS Chat Example. Retrieved from http://pharmacyprime.ie/PDF/
MARS CHART_EXAMPLE.PDF

Radiological Society of North America. (2015). RSNA Informatics Reporting. Chest Xray. Retrieved from
http://radreport.org/template/0000102

St. Luke's Hospital. (2007). Standing dliding scale insulin orders. Retrieved from http:/
www. pharmacypracticenews.com/downl oad/insulinglidingscal e.pdf

Saint Peter’ s University Hospital. (1995). Advance Directive: Y our Right to Make Health Care Decisions.
Retrieved from http://www.sai ntpetershes.com/upl oadedFiles/A dvancedirective. pdf

Saint Peter’s University Hospital. (2011). Authorization for Disclosure of Protected Health Information.
Retrieved from

Saint Peter's University Hospital. (2010). Pre-Registration Form. Retrieved from http:/
www.sai ntpetershcs.com/upl oadedFil es/preadmi ssion%202010.pdf

4. Congestive Heart Failure: Previously Diag-
nosed, Acute Exacerbation — Admitted to Inter-
mediate Care Unit

CHF 2

4.1. Introduction

1. Thisusecasewascreated to evaluatethe ontol ogy created by the VistA Evolution GUI Research project.
It includes common assessments, observations, interventions, and cognitive goal sthat arisewhile caring
for apatient in this scenario to ensure that the ontology can accommodate these concepts.

2. All clinical datain this use case is synthetic. Data was created to support the flow of this use case and
provide examples of clinical observations that are documented throughout the interaction.

3. Clinical decision making in this use caseis based, primarily, on VA/DoD Clinical Practice Guidelines
for the Management of Chronic Heart Failure, available at: http://www.healthquality.va.gov/guide-
lines/cd/chf/index.asp

4. Additional clinical resources are listed below in the Reference section.
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5. Theintent of this use case is to capture actions that may occur when a patient presents to the hospital
with a CHF acute exacerbation. Many of the steps in this use case occur concurrently in an emergent
case. In similar scenarios, the same actions may occur in slightly different order.

6. Cognitive goals are included in some ‘Actions’ to provide insight on the Provider or healthcare
professional’ s mental process at that point of the encounter.

7. Hyperlinks present in the Appendix column are included to provide examples of the data fields and
values that may be entered by the EHR user during this step of the use case.

8. Hyperlinks present in the Standards column suggest standardized terminologies that may be used to
capture datain this step of the use case.

4.2. Actors

Patient: aperson receiving or registered to receive medical treatment

Provider: Physician, physician assistant (PA), or nurse practitioner (NP). All are skilled health-care pro-
fessionals trained and licensed to diagnose and treat patients within their defined scope of practice.

Registration Clerk (Reg. Clerk): ahospital employee that collects demographic, insurance and “reason for
visit” information from a new patient and enters this information in to the Admission/Discharge/Transfer
(ADT) system and/or the electronic health record (EHR).

Triage Nurse (Triage RN): A licensed nurse that assesses symptoms, health-related complaints, and vital
signs to determine the degree of urgency for care.

Unit Clerk (UC): ahospital employeethat performsadministrative dutiesto facilitate workflow and patient
carein the emergency department (ED) or a nursing unit.

Emergency Department Technician (ED Tech): a hospital employee that is trained to provide basic
tasks such as vital signs and laboratory draws under the supervision of an RN or Provider.

Registered Nurse (RN): alicensed healthcare professional that is trained to provide nursing care to pa-
tientsin inpatient and outpatient settings, within their defined scope of practice.

Licensed Social Worker (LSW): alicensed healthcare professional that assists patients to improve their
quality of life and social needs, and facilitates care after discharge.

Nurse'sAide/Assistant (NA): atrained healthcare worker that provides assistance with patient care, under
the supervision of an RN.

Clinical Phar macist —alicensed healthcare professional that often collaborates with physicians and other
healthcare professionals to coordinate pharmaceutical interventions and promote health and disease pre-
vention within their scope of practice.

Dispensing Pharmacist — a licensed healthcare professional that dispenses medications, monitors med-
ication parameters and potential drug interactions, and provides information about medications, within
their scope of practice.

Radiology Technician (Rad Tech) —alicensed radiography professional that performs diagnostic imag-
ing exams on patients to help physicians assessillness and injury.

Radiologist - alicensed physician that specializesin diagnosing and treating diseases and injuries by using
medical imaging.

EK G Technician (EKG Tech) —acardiology technologist that administers basic electrocardiogram tests
to patients. The results are then read by a cardiologist or other licensed physician.
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Respiratory Therapist (RT) — alicensed healthcare practitioner that provides care and treatment to pa-
tients requiring breathing and oxygenation support.

Charge RN — a registered nurse that is responsible for the efficient management of a nursing unit or
department, including admissions, discharges, and the oversight of all nursing and support staff.

Medical Sonographer (Ultrasound Technician) — trained healthcare professionals that operate special
imaging equipment to create/capture images helping providers assess and diagnose medical conditions.

House Supervisor — registered nurse who coordinates bed management and staff mix in the hospital to
assure that effective nursing services are provided, and quality standards are met.

Hospitalist — A physician whose primary focus is the general medical care of hospitalized patients.

4.3. Description

A 72-year-old white female with respiratory distress (acute exacerbation, congestive heart failure) is sta-
bilized and transferred to IMC.

4.4. Trigger

Patient has been stabilized in the ED with admission ordersto IMC.

4.5. Preconditions

. Obesity (adult onset)
. Diabetes Type 2 (15 years ago)
. Hypertension (15 years ago)

. Heart failure (1 year ago)

a A W N P

. Myocardia Infarction (M) 2 years ago)
6. Dydlipidemia (2 years ago)

Note: The health system’s electronic health record (EHR) shows that the patient has been seen at the
hospital previously. And, most recently treated (slightly over three months ago) for an acute heart failure
episode with a hospital stay of two days. The patient’ s past medical history and medications are present
inthe EHR

4.6. Postconditions

Minimal guarantees:

1. Datafields required to support this clinical workflow will be present in the EHR.
2. Dataentered will be stored utilizing the appropriate clinical vocabulary.

Success guarantees:

3. EHR supports patient-centered care, guided by goals set by the patient.

4. Patient receives evidence-based care based on the health concerns that are noted during the outpatient
visit.

5. Patient will achieve improved outcomes and satisfaction as a result of care facilitated by EHR func-
tionality.
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4.7. AsSs

umptions

1. EHR is ableto send notifications to healthcare providers when atask has been added to their work list

(i
b

C.

.. Radiology Technician receives notification when an X-ray has been added to his/her work queue).
. EHR isintegrated with Picture Archiving Communication System (PACS).

EHR is integrated with information systems in the following departments. Pharmacy, Laboratory,
Radiology, Cardiology, Dietary, Rehabilitation

. EHR has computerized physician order entry (CPOE) functionality.

Ordersentered via CPOE are automatically implemented and assigned to the appropriate work queue
(e.g., CBCinam. isautomatically assigned to the Laboratory work queue)

Medications ordered via CPOE system automatically populate the electronic Medication Adminis-
tration Record (eMAR).

. EHR system allowsthe Provider to select existing active medication to pre-popul ate discharge med-
ication orders. Provider can then de-select any carried over medication, if desired.

. Ordersfor discharge medications entered via CPOE are sent directly to the outpatient pharmacy that
is designated by the patient.

. Facility utilizes Hospitalists to provide and manage care of hospitalized patients.

Facility uses Bar Code Medication Administration (BCMA) system to document administration of
medication to al ED and inpatients.

. BCMA system isintegrated with the EHR.

EHR A/D/T system allows user to tentatively hold abed, pending formal orders from Provider (e.g.
ICU, IMC, or Telemetry bed post-PCl while patient is recovering from the procedure)

m. EHR can manage the transition of tasks (e.g., move tasks from one work queue to another)

. PatientID isaunique ID assigned to a specific patient for each unique hospital stay

. Standard vocabularies utilized by the organization include: ICD10 for Diagnosis, RxNorm for med-
ications, SNOMED-CT for clinical assessments, care that is provided and lab results, and LOINC
for laboratory tests.

4.8. Normal Flow

Step  |Component Narrative

Action Hospitalist (provider) admits patient to IMC (after receiving report from the
ED Provider)
Day 1

Cognitive Goal: | Determineindicated care and ordersfor thisunique patient admitted from ED
with congestive heart failure.

Actor(s) ED Provider

Hospitalist (provider)
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Step  |Component Narrative
Action Receives telephone report from ED physician, and utilizes Heart Failure
Breakdown Admission Order Set [https://www.heart.org/idc/groups/heart-public/ @wcm/

@hcm/@gwtg/documents/downloadable/lucm_308978.pdf] via CPOE and
adds additional orders, as needed. For example:

1. Admitto IMC

2. Dx: Congestive Heart Failure (428.0), Respiratory Distress (J30)
Secondary: DM type 2, hypertension, obesity, dyslipidemia

3. Allergies: NKDA

4. History of Tobacco use: No

5. Condition: Stable

6. Code Status: Full code

7. VS: Per unit protocol, daily weights

8. Diet: Low fat, Low cholesterol, Low salt (cardiac diet), Strict 1/0
9. HeparinLock V.

10.Activity: Advance astolerated, starting in AM

11.Labs: CBC/diff, BMP, fasting Lipid profile, PT/PTT in AM

12.Move patient to O2 NC, starting at 6L as tolerated keeping Sa02 >95%,
Notify MD and perform ABG if Sa02 <95%

13.Medications:
a ***Lovenox 40mg SC QD
b. Carvedilol 25 mg PO BID
c¢. Captopril 125 mg PO TID
d. Furosemide 20 mg PO QD
e. Digoxin 0.125 mcg PO QD
f. Lipitor 40mg PO QD

g. Lantus [http://mwww.lantus.com/hcp/dosing-titration/dosing-cal culator]
(Insulin Gargine) 16U SC QD

h. Titrate nitroglycerine by half within first 30 minutes of administration
of PO medications; turn off nitroglycerine 1 hour after administration of
PO medications

i. Note: notify MD if systolic BP >150mmHg

j- Administer Influenza vaccination, if patient has not be vaccinated this
season
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Step  |Component Narrative
k. Administer Pheumococca immunization if not previously vaccinated,
or if vaccination was > 5 years ago.
Technology EHR
CPOE
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. LOINC [http://search.loinc.org/search.zul 2query=BMI]
¢c. RXNORM [http://mww.nlm.nih.gov/research/umls/rxnorm/]
d. ICD10 [http://www.icd10data.com/]
Appendix Heart Failure Admission Order Set [https://www.heart.org/idc/groups/heart-
public/ @wem/@hem/ @gwtg/documents/downl oadable/lucm_308978.pdf].
(pages 1-3)
2 Action IMC Unit Clerk confirmsformal bed transition from ED to IMC in Admission/
Discharge /Transfer (ADT) System
Cognitive Goal: |Implement physician order for appropriate bed assignment (based on severity
of illness driving the intensity of service).
Actor(s) IMC Unit Clerk
Action IMC Unit Clerk views available IMC beds and, in collaboration with the IMC
Breakdown Charge RN, selects appropriate bed for patient, as ordered by physician
Technology EHR
a Integration with ADT system
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. LOINC [http://search.loinc.org/search.zul ?query=BMI]
¢c. RXNORM [http://mww.nlm.nih.gov/research/umls/rxnorm/]
d. ICDA10 [http://www.icd10data.com/]
Appendix ED Flow Sheet [http://mwww.azdhs.gov/bems/documents/trauma/
Emergency ServicesTraumal owSheet. pdf]
3 Action ED RN provides transition of care report to the IMC RN that will be caring
for the patient
Cognitive Goal: | Formulate and ask appropriate questions during report to gather information
required to properly care for patient.
Actor(s) ED RN
IMC RN
Action ED RN provides transition of care report verbally over telephone to the IMC
Breakdown RN

a IMC RN acknowledges patient admission on EHR bed tracker, validates
patient with Patientl D, and assigns him/herself as the primary care nurse
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Step

Component

Narrative

a Views ED encounter notes, and Heart Failure Admission
Orders [https://www.heart.org/idc/groups/heart-public/ @wem/@hcm/
@gwtg/documents/downl oadable/ucm_308978.pdf]_in patient record

b. ED RN and ED Tech transfers patient to IMC after report is completed

Technology

EHR

a. Manage patient assignment through EHR bed tracker

b. Query by PatientlD

c. Datavisualization

Standard

a SNOMED-CT [http://browser.ihtsdotools.org/]
b. LOINC [http://search.loinc.org/search.zul 2query=BMI]
c. RXNORM [http://mww.nlm.nih.gov/research/umls/rxnorm/]

d. ICD10 [http://www.icd10data.com/]

Appendix

ED Flow  Sheet [http://mwww.azdhs.gov/bems/documents/trauma/

Emergency ServicesTraumar| owSheet. pdf]

Action

IMC RN assumes care of patient

Cognitive Goal:

Evaluate baseline ~assessment. Determine areas of concern and/or
observations requiring additional interventions

Actor(s)

IMCRN

Action
Breakdown

IMC RN:
a. Attaches cardiac leads to patient and ensures monitoring is effective
a Notes cardiac rhythm: Sinus rhythm without ectopy, HR 84
b. VS
a. BP 146/80, HR 84, RR 20, Pulse Oximetry on 4L O2 NC: 96%
c. l/O0

d. Performs head to toe assessment. Results documented on Nursing Flow
Sheet

Technology

EHR
a. Biomedical device integration

b. Dataentry

Standard

EHR
a. SNOMED-CT

b. LOINC
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wWNzcgRwb3MDI

DFRBA#view=de

Step  |Component Narrative

Appendix Stepdown Nursing Flow Sheet [http://www.cantonmercy.org/uploads/File/
pdf/6395_Step Down_Telemetry.pdf]

5 Action Hospitalist (Provider) assumes care of patient. Documents formal History of
Present IlIness (HPI) and performs assessment
Cognitive Goal: | Performassessment. Validate existing orders and ensure no additional orders
are indicated. Determine relevant information to be included in HPI.
Actor(s) Provider
Patient
Action Provider:
Breakdown
a Queries EHR on PatientID and reviews al documentation and diagnostic
results from ED

b. Interviews patient about Chief Complaint, PMH, etc.

¢. Performs head to toe assessment.

d. Creates HPI documentation

e. Enters SOAP note

f. Ensures Heart Failure Admission Orders [https://www.heart.org/idc/
groups/heart-public/@wem/@hecm/ @gwtg/documents/downl oadabl e/
ucm_308978.pdf] address all indicated care (no additional orders are
indicated)

Technology a. Datavisuaization
b. Dataentry

Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]

b. LOINC [http://search.loinc.org/search.zul query=BMI]
¢. RXNORM [http://mww.nlm.nih.gov/research/umls/rxnorm/]
d. 1CD10 [http://www.icd10data.com/]

Appendix History of Present lliness Documentation [http://r.search.yahoo.com/
_yIt=A0LEVIiP7.KtUJ74AbQAPXQL.; ylu=X30DMTBYNW1iMWN2BHNIY|
RV=2/RE=1420585339/RO=10/RU=http%3a%62f
%2fwww2.sunysuffol k.edu%o2f mecabes¥%2f H%626P%2520gui de%62520f or
%2520pdarev.doc/RK=0/RS=Z7BjPbb7uLomK 15w4NcJV 6eKkBc-]

Head to Toe Physical Assessment Components|http://www.bing.com/images/
search?g=physi cal +assessment
+form&id=93FC06872326E1CAEFD077EA45F90F9A D366E450& FORM=I
SOAP Note Explanation and Example [http://nurseone.ca/~/media/nurseone/
page-content/pdf-en/soap_documentation_e.pdf]

6 Action Hospitalist (Provider) discusses patient’s condition and the indicated plan of

care for the coming days
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Draft

Informatics Architecture Use Cases Draft

Step

Component

Narrative

Cognitive Goal:

Determine recommended plan of care. Engage and educate patient. Assess
patient under standing to facilitate informed decision-making.

Actor(s)

Provider

Patient

Action
Breakdown

Provider discusses the following with the patient:

a. Admitting diagnosis: Congestive Heart Failure (428.0), Respiratory
Distress (J80) Secondary: DM type 2, hypertension, obesity

b. Indicated care and education for managing chronic heart
failure [http://www.rwjf.org/content/dam/supplementary-assets/2008/06/
Heart-Failure-Pati ent-Teaching-Guide-2011. pdf]

a. Beta-blocker and ACE inhibitor to support cardiac function (related to
heart failure) and hypertension

b. Diuretic to manage hypertension and heart failure

c¢. Digoxin (in combination with diuretic) to manage heart failure
d. DM type 2 management (with Lantus)

e. Monitoring body weight daily

f. Chest x-ray in AM to assess pulmonary congestion (resolution)

g. LabworkinAM to evauate cardiac, renal, liver and thyroid factors

>

. EKGin AM to evaluate cardiac electrical activity

Echocardiogram to evaluate cardiac function

Advance activity astolerated (to patient’ s baseline)

—

k. Follow low fat, low cholesterol, low sodium diet (cardiac diet)
|. Cardiac education related to heart failure

m. Referral to outpatient case management (related to medication
compliance and mitigation of barriersto care access)

c. Provider accesses Coronary Risk Assessment tool (i.e. Framingham) and/
or Functional Status Assessment tools (i.e. Minnesota Living with Heart
Failure Questionnaire [MLHFQ]), as needed via hyperlinks in EHR to
facilitate additional assessment or provide context for discussion and
patient education

Technology

EHR
a. Datavisualization

b. Visualization of clinical resources via hyperlinks

Standard
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Informatics Architecture Use Cases Draft

Step  |Component Narrative
Appendix VA/DoD _ Clinical  Practice  Guidelines  for Management  of
Ischemic Heart Disease [http://www.healthquality.va.gov/guidelines/CD/ihd/
ihd_poc_combined.pdf]
7 Action Patient verbalizes care preferences and goals
Cognitive Goal:
Actor(s) Patient
Provider
Action Patient verbalizesthat they are“thankful for not lettingmedieand | amwilling
Breakdown to do anything in my reach to make sure | don’t get any worse. | don't like
hospitals, but | am glad | am receiving great care.”
Technology EHR
a. Dataentry of Care Plan
Standard
Appendix
8 Action Together, the Hospitalist (provider) and Patient agree upon aplan of care after
discussion of recommended plan of care.
Cognitive Goal:
Actor(s) Provider
Patient
Action Care Plan Activities/ Targeted Initiation
Breakdown
a. Anticoagulation (Lovenox), asordered / In morning
b. Cardiac medications, as ordered / Immediately
¢. Heart failure medications, as ordered / Immediately
d. DM type 2 management / With cardiac diet
e. Chest x-ray, lab work, and EKG / In morning
f. Activity astolerated (patient baseline) / Immediately
g. Cardiac diet / Immediately
h. Heart failure education [http://www.rwjf.org/content/dam/supplementary-
assets/2008/06/Heart-Fail ure-Pati ent- Teaching-Gui de-2011. pdf] /
Immediately and reinforce prior to discharge
Technology EHR
a. Dataentry of Care Plan
Standard
Appendix
9 Action Dispensing Pharmacist receives notification of new medication orders and

dispenses ordered medications

361


http://www.healthquality.va.gov/guidelines/CD/ihd/ihd_poc_combined.pdf
http://www.healthquality.va.gov/guidelines/CD/ihd/ihd_poc_combined.pdf
http://www.healthquality.va.gov/guidelines/CD/ihd/ihd_poc_combined.pdf
http://www.healthquality.va.gov/guidelines/CD/ihd/ihd_poc_combined.pdf
http://www.rwjf.org/content/dam/supplementary-assets/2008/06/Heart-Failure-Patient-Teaching-Guide-2011.pdf
http://www.rwjf.org/content/dam/supplementary-assets/2008/06/Heart-Failure-Patient-Teaching-Guide-2011.pdf
http://www.rwjf.org/content/dam/supplementary-assets/2008/06/Heart-Failure-Patient-Teaching-Guide-2011.pdf

Draft
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Step  |Component Narrative
Cognitive Goal: |Ensure patient safety by evaluating for drug-drug interactions and allergy
concerns.
Actor(s) Disp. Pharmacist
Action Dispensing Pharmacist:
Breakdown
a. Receives natification that new medication orders have been placed and
added to their work queue
b. Pharmacist clicks on the notification link and views medication orders,
admitting diagnosis, and allergies
c. Ensures that there are no drug-drug interactions or medications ordered
that conflict with patient allergies (this is done via decision support of the
phar macy system)
d. ‘Dispenses’ medication via Pyxis system for nursing access and
administration
Technology EHR
a Pharmacy Information System Suite
b. Visualization of data
c. Visualization of eMAR
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. RXNORM [http://www.nlm.nih.gov/research/umls/rxnorm/]
c. 1CD10 [http://www.icd10data.com/]
Appendix
10 Action IMC RN performs g 4 hour assessment and enters SOAP note at the end of
his/her shift
Cognitive Goal: |Evaluate patient condition for procedure complications, clinical improvement,
and observations that indicate a change in the plan of care.
Actor(s) IMCRN
Patient
Action IMC RN:
Breakdown

a. Evauates and records cardiac rhythm
i. Sinusrhythm without ectopy, HR 80

b. Checksand records vital signs
i. BP140/80, HR 80, RR 18, Pulse 2L O2 NC, 98%
ii. Records|/O

c. Performs head to toe assessment. Results documented on Nursing Flow
Sheet
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Step

Component

Narrative

a. Notable: Lung soundsimproving (mild rales right lower |obe)
d. Documents input and output
e. Administers medications as ordered (BCMA)

i. Carvedilol 25 mg PO

ii. Captopril 12.5 mg PO

iii. Furosemide 20 mg PO

iv. Digoxin 0.125 mcg PO

v. Lipitor 40mg PO
f. Enters SOAP note at end of shift

0. Decreased nitroglycerine by haf (30 minutes after PO medication
administration)

h. Discontinued nitroglycerine (60 minutes after PO medication
administration)

Technology

EHR
a Integration with.biomedical devices
b. Dataentry

c. eMAR

Standard

a SNOMED-CT [http://browser.ihtsdotools.org/]
b. LOINC [http://search.loinc.org/search.zul 2query=BMI]

c. RXNORM [http://mww.nlm.nih.gov/research/umls/rxnorm/]

Appendix

Stepdown Nursing Flow Sheet [http://www.cantonmercy.org/uploads/File/
pdf/6395_Step Down_Telemetry.pdf]

SOAP Note Explanation and Example [http://nurseone.ca/~/media/nurseone/
page-content/pdf-en/soap_documentation_e.pdf]

11

Action

Fast forward to the next morning. Radiology Technician (Rad Tech)
receives notification that adiagnostic X-ray for an IMC patient has been added
to his/her work list

Day 2

Cognitive Goal:

Prioritize and manage work queue. Ensure the proper diagnostic test is
performed on the proper patient.

Actor(s)

Rad. Tech

Action
Breakdown

Rad Tech receives notification that a task has been added to his’her work list
for an IMC patient.
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Step  |Component Narrative
a. Rad Tech checkswork listin EHR, compl etes the procedure as ordered and
documents compl etion.
b. Rad Tech flagsthe CXR as ‘ready for interpretation’ by Radiologist
Technology EHR
a. Query by PatientID
b. Datavisualization
c. Integration with Patient Transport System
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. LOINC [http://search.loinc.org/search.zul ?query=BMI]
¢. RXNORM [http://mww.nlm.nih.gov/research/umls/rxnorm/]
Appendix
12 Action Radiologist receives notification that a CXR is ready for interpretation for an
IMC patient
Cognitive Goal: |Accurate evaluation of CXR (taking reason for CXR and old films in to
consideration)
Actor(s) Radiologist
Action Radiologist receives notification that a chest film is ready for interpretation.
Breakdown
a Radiologist checks work list in EHR, views the indicated CXR and enters
the CXR results and interpretation.
b. Radiologist flags the CXR as ‘ Resulted’
Technology EHR integration with PACS and Notification system
a. Image visualization
b. Dataentry Status entry
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. LOINC [http://search.loinc.org/search.zul ?query=BMI]
Appendix CXR Result Format [http://radreport.org/template/0000102]
13 Action Hospitalist (provider) receives notification that the CXR results are available
Cognitive Goal:
Actor(s) Provider
Action Provider receives notification that a CXR ordered in their name has been
Breakdown “resulted.”
a. Provider pulls up results via hospital issued smart phone.
b. Provider utilizes EHR to view chest film to compare against previous
images (if available).
Technology EHR integration with PACS and Notification system
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Step

Component

Narrative

a. Image visualization

b. Datavisualization

Standard

a. SNOMED-CT [http://browser.ihtsdotools.org/]

b. LOINC [http://search.loinc.org/search.zul ?query=BMI]

Appendix

CXR Result Format [http://radreport.org/template/0000102]

14

Action

IMC RN performs g 4 hour assessment and enters SOAP note at the end of
his/her shift

Cognitive Goal:

Actor(s)

IMC RN

Patient

Action
Breakdown

IMC RN continues to follow prescribed care, heart failure admission orders
(noted in step 1) with notable care including

a Advance cardiac diet

b. Continue medication administration as prescribed

¢. Wean O2 to room air as tolerated (maintaining SaO2 >95%)
d. Strict 1/0

e. VS

i. BP 130/80, HR 80, RR 18, Pulse Oximetry on 2L O2 NC, 98% (Lung
sounds clear)

Technology

EHR
a. Datavisualization
b. Dataentry

c. Biomedical device integration

Standard

a. SNOMED-CT [http://browser.ihtsdotools.org/]

b. LOINC [http://search.loinc.org/search.zul ?query=BMI]

Appendix

Stepdown Nursing Flow Sheet [http://www.cantonmercy.org/uploads/File/
pdf/6395_Step Down_Telemetry.pdf]

15

Action

Fast forward to the next morning.

Hedlthcare team discusses patient condition and plan of care during
interdisciplinary patient rounds.

Day 3

Cognitive Goal:

Evaluation of patient condition and the indicated acuity of care after diuresis
and medi cation management.

Actor(s)

Provider
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Step  |Component Narrative
IMC RN
Charge RN
Social Worker/Case Manager
Clinical Pharmacist
Patient
Action Healthcare team
Breakdown
a. ReviewsHPI, PMH, course of treatment, and care plan
b. Reviews most recent physical assessment
c. Utilizes Infobutton, Clinical Care Guidelines and other resources to
evaluate indicated care options

d. Formulates arecommended plan that they will discuss with the patient.
i. Potential transfer to a medical unit if physical assessment is improved

and patient’s condition is stable

Healthcare team enters patient’ s room to evaluate condition

a. Determines that the patient’s clinical condition warrants transfer to a
medical unit this morning
i. Discusstransfer plans with the patient

b. Clinica Pharmacist (and Provider) review medications indicated for
transfer (including drug safety, side effects, dosage titration and
interactions), and confirm that the patient should remain on their current
meds.

¢. Provider enterstransfer ordersto Medica unit

Note: Transfer of care to the Medical unit would occur as outlined above in

Seps 1-4

Technology

Standard

Appendix

16 Action Fast forward to the next morning.
Healthcare team discusses patient condition and plan of care during
interdisciplinary patient rounds.

Cognitive Goal: | Evaluation of patient condition and indicated care after discharge. |nformed,
collaborative decision-making related to the care indicated for this unique
patient. This includes patient education and engagement.

Actor(s) Provider
IMC RN
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Informatics Architecture Use Cases Draft

Step

Component

Narrative

Charge RN
Social Worker/Case Manager
Clinical Pharmacist

Patient

Action
Breakdown

Headlthcare team

a

b.

. Utilizes Infobutton, Clinica Care Guidelines and other resources to

. Formulates a recommended discharge plan that they will discuss with the

. Healthcare team enters patient’s room to evaluate condition

. Clinical Pharmacist (and Provider) review medications indicated for

. Discuss need for psychosocial support at home related to medication

. Patient and healthcare team agree that no additional support is needed

. Patient will have pharmacy-to-door (mail  order [http://

Reviews HPI, PMH, course of treatment, and care plan

Reviews most recent physical assessment

evaluate indicated discharge care options

patient.

Determines that the patient’ s condition warrants discharge that afternoon
a. Discuss discharge plans and instructions with the patient

discharge (including drug safety, side effects, dosage titration and
interactions), and confirm that the patient should remain on the following
medications as ordered

a Carvedilol 25 mg PO BID

b. Captopril 12.5mg PO TID

¢. Furosemide 20 mg PO QD

d. Digoxin 0.125 mcg PO QD

e. Lipitor 40 mg PO QD

f. Lantus [http://www.lantus.com/hcp/dosing-titration/dosing-cal culator]

(Insulin Gargine) 16U SC QD

compliance/barrier mitigation to plan-of-care

www.washingtonpost.com/sf/brand-connect/wp/2014/03/17/consumer-

benefits-of -receiving-medication-through-the-mail/]) prescription service
setup

Ensure that patient receives all indicated education related to heart failure
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Step  |Component Narrative
g. Discuss the importance of medication compliance and heart failure
plan-of-care/education [http://www.rwjf.org/content/dam/supplementary-
assets/2008/06/Heart- Fail ure-Patient-Teaching-Guide-2011. pdf]
h. Discuss patient-specific risks
a. Counsel patient on their increased long term mortality risk and the
importance of compliance to care regimen
i. Follow up primary care provider on aregular basis
Technology EHR
a. Datavisualization of Problem List, Care Plan, eMAR, Patient Goals
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. LOINC [http://search.loinc.org/search.zul ?query=BMI]
¢. RXNORM [http://mww.nlm.nih.gov/research/umls/rxnorm/]
d. 1CD10 [http://www.icd10data.com/]
Appendix
17 Action Patient verbalizes goal related health condition and discharge
Cognitive Goal:
Actor(s) Patient
Provider
Healthcare Team
Action Patient verbalizes that they are eager to be more regular about taking their
Breakdown medications, and excited to have her prescriptions delivered directly to her
house. The patient is also in agreement to monitor diet (cardiac), activity, and
daily weights.
Technology EHR
a. Dataentry as Patient Goal
Standard
Appendix
18 Action Patient agreesto the discharge plan that was presented by their healthcare team
Cognitive Goal: |Evaluate patient understanding of their discharge plan of care and
responsibilities, along with their commitment to execute the plan.
Actor(s) Patient
Provider
Healthcare Team
Action Care Plan Activities/ Targeted Initiation
Breakdown

a. Continue medications listed in step 16 / Immediately
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Step

Component

Narrative

b. Follow up with primary care provider within 3 days/ Make apt immediately

¢. Heart failure education [http://www.rwjf.org/content/dam/supplementary-
assets/2008/06/Heart-Fail ure-Pati ent-Teaching-Guide-2011.pdf] (i.e
notify healthcare provider if you gain 2 pound in one day or if you have
trouble breathing (shortness of breath) / Immediately

Technology

EHR

a. Dataentry in Care Plan

Standard

a. SNOMED-CT [http://browser.ihtsdotools.org/]

b. RXNORM [http://www.nlm.nih.gov/research/umls/rxnorm/]

Appendix

19

Action

Provider enters discharge ordersin EHR

Cognitive Goal:

Determine if any additional considerations need to be addressed for patient
discharge

Actor(s)

Provider

Action
Breakdown

Provider utilizes CPOE to enter the following orders
a. Discharge to home today
b. Follow up with primary care provider within 3 days
c. Discharge medication:

i. Carvedilol-25 mg PO BID

ii. Captopril 12.5 mg PO TID

iii. Furosemide 20 mg PO QD

iv. Digoxin 0.125 mcg PO QD

v. Lipitor 40 mg PO QD

vi.Lantus [http://www.lantus.com/hcp/dosing-titration/dosing-cal cul ator]
(Insulin Gargine) 16U SC QD

d. Heart failure education [http://www.rwjf.org/content/dam/supplementary-
assets/2008/06/Heart-Failure-Patient-Teaching-Guide-2011.pdf]  to be
completed by IMC RN

e. Activity astolerated (to patient baseline)

Technology

EHR

a CPOE

Standard

a. SNOMED-CT [http://browser.ihtsdotools.org/]

b. RXNORM [http://www.nlm.nih.gov/research/umls/rxnorm/]

Appendix
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Step  |Component Narrative
20 Action IMC RN receives notification of new orders in his’her work queue
Cognitive Goal: |Determine level of patient understanding of their condition, plan of care,
medi cation compliance, and follow up care after discharge.
Actor(s) IMC RN
Action IMC RN reviewsand implementsthe above orders as displayed in his/her work
Breakdown queue
a. After heart failure education is completed, the RN reviews discharge
instructions and ensures patient understands all instructions and the plan
of care
b. Provides the patient with copies of al discharge instructions
. Teachesthe patient how to utilize the Patient Portal to view his’her medical
record after discharge
d. Completes final SOAP note that encompasses all patient education and
discharge teaching that has been reviewed
Technology EHR
a Datavisudization
b. Dataentry
¢. EHR Patient Porta
d. Datavisuaization
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
Appendix Heart Failure Education [http://www.rwjf.org/content/dam/supplementary-
assets/2008/06/Heart-Fail ure-Patient-Teaching-Guide-2011. pdf]
Heart Failure Discharge Instructions [http://www.nim.nih.gov/medlineplus/
ency/patientinstructions/000114.htm]
21 Action Discharge protocol completion
Cognitive Goal: |What are the relevant facts to communicate about this patient’ s encounter in
the Discharge Summary?
Actor(s) Respective clinician
Action After reviewing discharge instructions with the patient (with return
Breakdown demonstration, if appropriate):
a. The discharge provider’'s medication orders are sent via e-RX to the mail
order pharmacy
b. The discharge provider's referrals are automatically sent to the referring
provider (if applicable)
¢. Thedischarge summary isautomatically sent to the primary care provider’s
office—patient care coordinator
Technology CPOE interoperability with external Pharmacy Suite System
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Step  |Component Narrative
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. RXNORM [http://mww.nlm.nih.gov/research/umls/rxnorm/]
Appendix Hospital Discharge Summary [http://clerkship.medicine.ufl.edu/portfolio/
i nterpersonal -and-communicative-skill s/di scharge-summarytransfer-noteoff-
service-note-instructions/]
22 Action Patient is discharged to home from hospital
LOS: 3days
Cognitive Goal:
Actor(s) IMC RN
Patient
Action IMC RN discharges patient to home (with adult daughter) viawheelchair
Breakdown
Technology
Standard
Appendix

4.9. Data fields required

See appendix references as examples/guides

4.10. Notes and Issues

***|ndicates an aspect of clinical care that falls within a Meaningful Use (MU) clinical quality measure

(CQM)

A. CMS 190 — Intensive Care Unit Venous Thromboembolism Prophylaxis

4.11. References for Clinical Management of Ischemic
Heart Disease

Chen, M. (2014). Heart failure: Discharge. Medline Plus. Retrieved from http://www.nIm.nih.gov/med-
lineplus/ency/pati entinstructions/000114.htm

Konstam, M., & Mann, D. (2002). Contemporary medical options for treating patient with heart failure.
Circulation, 105, 2244-2246. Retrieved from http://circ.ahgjournals.org

Pharmacy Benefits Management Strategic Healthcare Group and Medical Advisory Panel, VeteransHealth
Administration. (2007). PBM-MAP clinical practice guideline for the pharmacologic management of
chronic heart failurein primary care practice (Department of Veterans Affairs Publication No. 00-0015).
Washington, DC: Government Printing Office. Retrieved from http://www.healthquality.va.gov/guide-
lines/CD/chf/

Porter, R., &Kaplan, J. (Eds.). (2011). The Merck manual of diagnosis and therapy (19th ed.). Whitehouse
Station, NJ. Merck Sharp & Dohme Corp.
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Robert Wood Johnson Foundation. (2011). Living with heart failure: A patient teaching
guide. Retrieved from http://www.rwjf.org/content/dam/suppl ementary-assets/2008/06/Heart-Fail ure-Pa-
tient-Teaching-Guide-2011. pdf
Royal College of Physicians. (2010). Chronic Heart Failure: National Clinical Guideline for Di-
agnosis and Management in Primary and Secondary Care: Partial Update. Retrieved from http://
www.nchi.nlm.nih.gov/pubmedhealth/PMH0046957/

Storrow, A. (2010). New recommendations for acute heart failure treatment in the emergency department.
Retrieved from http://www.emcreg.org/publications/monographs/2010/2010mono_abs. pdf
4.12. Additional References

Arizona Department of Health Services. (n.d.). Emergency services trauma flow sheet. Retrieved from
http://www.azdhs.gov/bems/documents/trauma/Emergency ServicesT raumaFl owShest. pdf

Bureau of Labor Statistics, U.S. Department of Labor. (2014). Occupational outlook handbook (2014-15
ed.). Retrieved from http://www.bls.gov/ooh/

Canadian Nurses Association. (2015). SOAP Documentation. Retrieved from http://nurseone.ca/~/me-
dia/nurseone/page-content/pdf-en/soap _documentation_e.pdf

Forbes Regional Hospital. (2012). HF ED orders. Retrieved from http://www.scpcp.org/webdocs/hf-
shared-practi ces/K E%202/FRH%20ED%200rder%20Set. pdf

Hazelton  General  Hospital.  (2009). ~Heart faillure admission order set. Re
trieved from https.//www.heart.org/idc/groups/heart-public/ @wem/@hcm/ @gwtg/documents/downl oad-
able/lucm_308978.pdf

Health Assessment Form. Retrieved from http://image.dlidesharecdn.com/physical assessment-
form-100930173546-phpapp02/95/dide-1-728.jpg?cb=1285886194

Mercy Medical Center. 24 Hour Critical Care Flow Record (ICU; CCU & CVSICU). Retrieved from
http://www.cantonmercy.org/uploads/File/pdf/6334_24Hr_Critical_Care.pdf

Mercy Medical Center. Sep Down/Telemetry 24 Hour Flow Assessment Record. Retrieved from http:/
www.cantonmercy.org/uploads/File/pdf/6395_Step Down_Telemetry.pdf

Observational Medical Outcomes Partnership (OMOP). (2014). OMOP standard vocabulary specifica-
tion. Washington, DC: Innovation in Medical Evidence Development and Surveillance, The Reagan-Udall
Foundation for the Food and Drug Administration. Retrieved from http://omop.org/V ocabul aries

St. Luke's Hospital. (2007). Standing dliding scale insulin orders. Retrieved from http://
www. pharmacypracticenews.com/downl oad/insulinglidingscal e.pdf

University of FloridaHealth. Discharge Summary/Transfer Note/Off-Service Note Instructions. Retrieved
from http://clerkship.medicine.ufl.edu/portfolio/inter personal -and-communi cative-skill /di scharge-sum-
marytransfer-noteoff-service-note-instructions/

5. Depression: Follow-up Outpatient Visit Use
Case

Depression
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5.1. Introduction

1. Thisusecasewascreated to evaluatethe ontology created by the VistA Evolution GUI Research project.
It includes common assessments, observations, interventions, and cognitive goal sthat arisewhile caring
for apatient in this scenario to ensure that the ontology can accommodate these concepts.

2. All clinical datain this use case is synthetic. Data was created to support the flow of this use case and
provide examples of clinical observations that are documented throughout the interaction.

3. Clinical decision making in this use caseis based, primarily, on VA/DaD Clinical Practice Guidelines
for the Management of Major Depression and Post Traumatic Stress Disorder, available at: VA/DoD
Clinical Guideline for Management of Depression [http://www.healthquality.va.gov/guidelinesMH/
mdd/] and VA/DoD Clinical Guidelines for Management of PTSD [http://www.healthquality.va.gov/
guidelinessMH/ptsd/]

a Additional clinical resources are listed below in the Reference section.

4. Cognitive goals are included in some Actions to provide insight on the Provider or heathcare
professional’ s mental process at that point of the encounter.

5. Hyperlinks present in the Appendix column are included to provide examples of the data fields and
values that may be entered by the EHR user during this step of the use case.

6. Hyperlinks present in the Standards column suggest standardized terminologies that may be used to
capture data during this step of the use case.

5.2. Actors

Patient: aperson receiving or registered to receive medical treatment

Provider: a skilled healthcare professional specializing in mental health that is licensed to practice
medicine (within restrictions of their licensure). This can be a physician (MD or DO, i.e. Psychiatrist),
nurse practitioner (NP), or physician assistant (PA).

Medical Office Assistant (MOA) also known as a Medical Assistant or Medication Technician: a
healthcare care team member performing administrative and/or clinical tasksto support the work of physi-
cians or other health professionals

5.3. Description

Routine follow-up visit for an existing diagnosis of depression and PTSD

5.4. Trigger

Patient arrives at a psychiatrist’s office for a follow-up check on their depression (and PTSD)

5.5. Preconditions

Thisis a 32 year old male with a 6 month treatment history of major depression on Zoloft and receiving
group psychotherapy. Risk assessment scores from the last visit 1 month ago: PHQ-9 (15), PCL (16),
AUDIT-C (0), ASSIST (10) for Tobacco only. No suicidal ideations or risk of violence towards others.

PMH: Depression, PTSD, ETOH Abuse (Recovering), Right Above the Knee Amputation (AKA) 6
months ago — has prosthesis. Denies substance abuse of medications. Smokes 2 ppd. Patient does not have
aTraumatic Brain Injury (TBI).
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Psychosocial: Patient is S/P 2 deploymentsto Afghanistan, is estranged from family, has no close friends,
lives alone and is unemployed. His best friend died during their last deployment together, when the patient
was injured. He attends AA meetings daily, is undergoing vocational rehabilitation and has been seen by
acommunity social service agency.

Depression Risk Factors:

» Family History of Depressive Disorder

* Ageof Onset <40

 Estranged from family and friends

 Stressful life events (2 deployments, and best friend in platoon died during last deployment)
» ETOH Abuse (Recovering)

» Right AKA 6 months ago (unable to drive at thistime). Has prosthesis.
» Unemployed

Current Treatment regimen (prior to thisfollow up appointment):

* Zoloft 150 mg p.o. daily

» Weekly group psychotherapy

» Attending AA meetings regularly

Assumptionsleadingin to this use case:

* Patient was diagnosed with PTSD and MDD 6 months ago with screening and diagnostic tools utilized
by the VHA.

» Patient has been receiving regular outpatient care for these conditions, during which time treatment
(medication and psychotherapy) has been adjusted as indicated.

* EHR isableto display a history of all implemented treatments, along with start and stop dates and
reason for discontinuation

 Patient is compliant with care regimen that is agreed upon at each encounter with their provider.
* Patient has formed a trusting relationship with their Provider and is engaged in their care.
« Patient has signed a contract, agreeing to contact a health care provider if heissuicidal.

» Patient has refused Tobacco Cessation treatment.

5.6. Postconditions

Minimal guarantees:

1. Datafields required to support this clinical workflow will be present in the EHR.
2. Dataentered will be stored utilizing the appropriate clinical vocabulary.

Success guarantees:

1. EHR supports patient-centered care, guided by goals set by the patient.

2. Patient receives evidence-based care based on the health concerns that are noted during the outpatient
visit.
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3.

Patient will achieve improved outcomes and satisfaction as a result of care facilitated by EHR func-
tionality.

5.7. Assumptions

1
2.

EHR can manage the transition of MOA to Provider (e.g., move from one work list to another)

For thisuse case, the psychiatrist may al so be substituted with another diagnostician—nurse practitioner
or physician assistant.

. Cognitive decision making throughout this officevisitisbased on VA/DoD Clinical Guidelinefor Man-

agement of Depression [http://www.healthquality.va.gov/guidelines’MH/mdd/] and VA/DoD Clinical
Guidelines for Management of PTSD [http://www.healthquality.va.gov/guidelines/MH/ptsd/]

. This use case focuses on management of depression (and PTSD). Detailed psychotherapy techniques

and modalities would be outlined in the psychotherapist’s encounter notes, as opposed to the PCP or
psychiatrist’s notes.

. Management of depression (and PTSD), in this use case, is being overseen by a psychiatrist since the

patient has comorbidities and the diagnoses have persisted beyond 3 months. Although, many patients
with major depression disorder can betreated in primary care settings, indicationsfor referral toamental
health specidist is indicated in some cases. These indications are outlined on page 37 of VA/DaD
Clinical Guideline for Management of Depression [http://www.healthquality.va.gov/guidelinesMH/

mdd/]

. Standard vocabularies utilized by the organization include: ICD 10 for Diagnosis, RxNorm for medi-

cations, SNOMED-CT for clinical assessments, care that is provided and lab results, and LOINC for
laboratory tests.

5.8. Normal Flow

Step  |Component Narrative
1 Action Patient checks-in at front desk of medical office
Cognitive Goal:
Actor(s) MOA
Patient
Action a. MOA validates current patient demographics and billing information (i.e.
Breakdown current address and phone number, current insurance)

b. MOA provides patient with tablet loaded with self-administered
assessmentsfor Depression (PHQ-9), PTSD (PCL), ETOH abuse (AUDIT-
C), and Substance abuse (ASSIST)

Technology EHR (Registration System)

a. Datavisualization

b. Dataentry
Standard a. Address [http://pe.usps.gov/cpim/ftp/pubs/Pub28/pub28.pdf]
b. Sex [http://phinvads.cdc.gov/ivads/ViewV aueSet.action?

0id=2.16.840.1.114222.4.11.1038]

c. Ethnicity [http://www.whitehouse.gov/omb/fedreg 1997standards]
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Step

Component

Narrative

d. Race [http://www.cdc.gov/minorityheal th/popul ationsy REM P/

definitions.html]

Appendix

Psychiatric Intake Form [http://cairncenter.com/forms/Psychiatric%20l ntake

%20Form.pdf]

Action

Patient accepts tablet, completes risk assessments, and returns tablet to MOA.

Cognitive Goal:

Actor(s)

Patient

MOA

Action
Breakdown

a. Patient answers all questions, resulting in the following scores (which will
be evaluated by the Provider):

a. PHQ-9 — Score: 17
b. PCL — Score: 15
c. AUDIT-C - Score: 0 (No symptoms of abuse)

d. ASSIST — Score: 10 (Moderate risk for tobacco products)

Technology

EHR

a. Dataentry

Standard

Appendix

PHQ-9 (Depression Screening Tool) [https://www.myheal thevet.va.gov/mhv-
portal-web/anonymous.portal ?

_nfpb=true& _pagel abel=mental Health& contentPage=mh_screening_tools/
PHQ_SCREENING.HTML&WT.ac=mentalHealth PHQScreen]

PCL (PTSD Screening Tool) [https://www.myhealthevet.va.gov/mhv-portal -
web/anonymous.portal ?

_nfpb=true& _pagel abel=mental Health& contentPage=mh_screening_tools/
PTSD_SCREENING.HTML&WT.ac=mentalHealth PTSDScreen]

AUDIT-C (ETOH Screening Tooal) [https.//www.myhealthevet.va.gov/mhv-
portal-web/anonymous.portal ?

_nfpb=true& _pagel abel=mental Health& contentPage=mh_screening_tools/
ALCOHOL_SCREENING.HTML&WT.ac=mentalHealth_Alcohol Screen|

ASSIST (Substance Abuse Screening Tool)
www.myhealthevet.va.gov/mhv-portal -web/anonymous.portal ?
_nfpb=true& _pagel abel=mental Health& contentPage=mh_screening_tools/
ASSIST.HTML&WT.ac=mentalHealth AssistScreen]

[https://

Action

MOA syncstablet to EHR

Cognitive Goal:

Actor(s)

MOA

Action
Breakdown

a. Risk assessment responses are uploaded to EHR and ready for Provider
review

b. Registration to EHR: flagged ‘ ready to be roomed’
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Step  |Component Narrative
Technology
Standard
Appendix
4 Action Patient is roomed
Cognitive Goal:
Actor(s) MOA
Action Patient is placed in room (in EHR)
Breakdown
Technology EHR
a. Statusentry in Registration System
Standard
Appendix
5 Action MOA asks patient for their chief complaint (CC) and any updates on their
psychosocial and medical history
Cognitive Goal: | Determine areas where existing history has changed.
Actor(s) MOA
Patient
Action a. Reviews and validates reason for visit—routine outpatient visit for
Breakdown depression and PTSD management
b. Reviews and updates psychosocia history (no changes)
Technology EHR
a. Dataentry
b. Visualization of Psychosocia History
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. ICD-10 [http://www.icd10data.com/]
Appendix Psychiatric Intake Form [http://cairncenter.com/forms/Psychiatric%20l ntake
%20Form.pdf]
VA/DoD Clinical Guideline for Management of Depression [http:/
www.healthquality.va.gov/guidelinesMH/mdd/]
VA/DoD Clinical Guidelines for Management of PTSD [http:/
www.healthquality.va.gov/guidelinesyMH/ptsd/]
6 Action MOA asks patient to list the medications that they are currently taking
Cognitive Goal: |Ensure understanding of what the patient is reporting. Determine clarifying
guestionsif there are any concerns.
Actor(s) MOA
Patient
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Step  |Component Narrative
Action a. MOA initiates ***Medication reconciliation [http://www.healthit.gov/
Breakdown providers-professional s/achi eve-meaningful -use/menu-measures/
medication-reconciliation] by documenting a list of current medications
that the patient reports taking. (Medication reconciliation is not finalized
until the Provider reviews the list of medication ordered, compares this to
the list reported by the patient, and makes clinical decisions based on the
comparison.)
a. Zoloft 150 mg p.o. daily
Technology EHR
a. Visualization of Interventions (Current Medications)
b. Dataentry
Standard a RxNorm [http://www.nlm.nih.gov/research/umls/rxnorm/]
Appendix VA Medication Reconciliation  [http://www.va.gov/vhapublications/
ViewPublication.asp?pub_|D=2390]
7 Action Vital signs (VS) are taken by the MOA and entered in to the EHR
Cognitive Goal:
Actor(s) MOA
Patient
Action height=72"
Breakdown
weight=176 Ibs
***BM|[=23.9
heart rate= 80 bpm
respirations= 18 /min
blood pressure= 124/74 mmHg
temperature=98.2F
Technology EHR
a. Dataentry
Standard a. LOINC [http://search.loinc.org/]
b. SNOMED-CT [http://browser.ihtsdotools.org/]
Appendix
8 Action Patient ready for provider
Cognitive Goal:
Actor(s) MOA
Action ‘Ready for provider’ flag initiated in EHR
Breakdown
Technology EHR
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Step  |Component Narrative
a. Statusentry in Registration System
Standard
Appendix
9 Action Provider reviews patient record prior to entering patient room
Cognitive Goal: | Determine meaning of responses from the screening administered on patient
arrival. Evaluate effectiveness of treatment based on information gathered to
date. Plan areas of focusfor the patient encounter (i.e. worsening PHQ-9 score

-- what has prompted this?)

Actor(s) Provider

Action a. Reviews past medical history (PMH), current medications and dosages,

Breakdown current treatment regimen, and recent reports from specialist referrals (if
indicated)

b. Reviewsinformation entered by MOA (including V S) and patient responses
to the health risk screening tools. Evaluates scores for trends and/or
concerns.

Technology EHR

a. Query and visualization of Problem List, Patient History, Interventionsand

Observations
Standard a. LOINC [http://search.loinc.org/]

b. SNOMED-CT [http://browser.ihtsdotools.org/]

¢. RxNorm [http://www.nlm.nih.gov/research/umls/rxnorm/]

d. 1CD-10 [http://www.icd10data.com/]

Appendix
10 Action Provider enters patient room and greets patient
Cognitive Goal:
Actor(s) Provider
Action
Breakdown
Technology
Standard
Appendix
11 Action Provider discusses and documents the patient’s expression of how they are
feeling, dlong with their concerns.
Cognitive Goal: |Determine clear understanding of patient’s feelings. Formulate clarifying
guestions, as needed.
Actor(s) Provider
Patient
Action Patient: “1’m not very good. I'm so tired al thetime. I’ m not sleeping well and
Breakdown | have trouble concentrating. | go to my AA mestings, but that is about it.”
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Step  |Component Narrative
After discussion with the patient, the Provider discovers that patient is
concerned about long term living accommodations. The patient is running
through his’her savings and will not be able to afford rent beyond the next 4
months.
Technology EHR
a. Dataentry
Standard
Appendix
12 Action Provider completes psychiatric evaluation
Cognitive Goal: |Evaluate verbal and non-verbal clues to inform psychiatric assessment.
Actor(s) Provider
Patient
Action Provider assesses the patient’ s mental status, i.e.:
Breakdown
a. Appearance: poorly groomed, patient slouching
b. Behavior: subdued
c. State of consciousness: aert and oriented x 3
d. Attention: slow to respond, shrugs shouldersin response to some questions
e. Speech: soft, coherent
Technology EHR
a. Dataentry
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
Appendix Mental Status Exam portion of Psychiatric Evaluation [http://web.utah.edu/
umed/courses/year3/psychiatry/psychaid.html]
13 Action Provider completes and validates *** Medication Reconciliation
Cognitive Goal: |Evaluate for discrepancies. Educate and rectify, as needed.
Actor(s) Provider
Patient
Action Provider discusses the meds that the patient states they are currently taking
Breakdown against the medication that has been prescribed.
a. Provider creates an updated list of current medications, documents the list
in the system, and provides the patient with a copy at the end of the visit.
(Note: Thisinformation isincluded in the After Visit Summary)
a Zoloft 150 mg p.o. daily
Technology EHR

a. Datavisualization
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Step  |Component Narrative
b. Dataentry
Standard a RxNorm [http://www.nlm.nih.gov/research/umls/rxnorm/]
Appendix VA Medication Reconciliation  [http://www.va.gov/vhapublications/
ViewPublication.asp?pub_1D=2390]
14 Action Provider completes a head to toe assessment and documents results
Cognitive Goal: | Evaluate healthto assessfor medication side effects or physical manifestations
of depression
Actor(s) Provider
Patient
Action Head/Neuro: WNL
Breakdown
Heart: S1S2, BP normal
Lungs: Clear
Abdomen: Soft, benign. No GI/GU issues.
Extremities: No swelling, pedal pulses strong.
Technology EHR
a Dataentry
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
Appendix Physical Exam (p 2) [https://www.uthsc.edu/gim/documents/ward-H& P.pdf]
15 Action Provider evaluates current therapy
Cognitive Goal: | Determine areas of concern and begin to formulate a new plan of care
Actor(s) Provider
Patient
Action Provider assesses:
Breakdown

a. Effectiveness of current therapy

a. PHQ-9 indicates worsening depression and patient doesn’t feel well.
Additional support isindicated.

b. Adverse effects from the medication

a. None noted
¢. Medical problemsinfluencing recovery

a. Patient smokes 2 packs/day, but refuses cessation therapy
d. Psychosocial barrier to therapy

a. Patient hasfinancial concerns. They are not impacting therapy at present,
but may in time

e. Accuracy of diagnoses
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Step  |Component Narrative
a. Worsening moderate depression and PTSD are accurate diagnoses
Technology EHR
a. Visualization of past Interventions and Observations
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. ICD-10 [http://www.icd10data.com/]
¢. RxNorm [http://www.nIm.nih.gov/research/umls/rxnorm/]
Appendix
16 Action Provider discusses the possible next steps for the provision of care
Cognitive Goal: |Evaluate patient engagement and level of commitment. Formulate a plan of
care that will work for the patient and achieve patient buy-in.
Actor(s) Provider
Patient
Action Provider discusses his’/her concern about worsening depression and the need
Breakdown to adjust treatment to better manage the patient’s condition

a. Discuss medication management

a. Provider views Intervention history (i.e. medications and treatments).
Thisincludes start and stop dates and the reason for discontinuation.

i. Provider notices that the patient did not tolerate Prazosin in the past
(which was started to address difficulty sleeping)

ii. Provider also notes: Wellbutrin was prescribed from date xx/xx/
XX — Xx/xxxxxx and was discontinued due to irregular heartbeats
and hyperventilation, Prozac was prescribed from date xx/>xx/xxxx
— xx/xx/xxxx and was discontinued due to irregular heartbeats and
restlessness, etc.

iii. Zoloft was started at 50 mg/day on xx/xx/xxxx, increased to 100 mg

on xx/xx/xxxx, and increased to 150 mg on Xx/Xx/Xxxx

b. Decide whether to increase dosage of Zoloft vs. adding a second
medication (SSRI vs. SNRI vs. others) vs. switching to a different
medication

b. Discuss therapy options

a. Provider visualizes psychotherapy history (i.e. started group therapy on
date xx/Xx/xxx

b. Decide whether to increase frequency of current psychotherapy vs.
change type of psychotherapy (i.e. IPT vs. CBT) vs. add additional type
of psychotherapy to current regimen

c. Discuss psychosocial concerns
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Step  |Component Narrative
a. Visualize psychosocia support that has been provided (i.e. community
based socia service agency referral on xx/xx/xxxx, started vocational
rehabilitation on Xxx/xx/xxxx, receiving telephone care coordination
support)
b. How can financial concerns be addressed?
i. Initiate referral to Supported Housing Services
ii. Discuss status of vocational rehabilitation and training
d. Discuss smoking cessation.
a Patient dill refuses cessation treatment despite motivational
interventions.
Technology EHR
a. Visualization of past Interventions and Observations
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. ICD-10 [http://www.icd10data.com/]
¢. RxNorm [http://www.nIm.nih.gov/research/umls/rxnorm/]
Appendix
17 Action Patient articulates their care preferences, along with their goal
Cognitive Goal: | Accurate documentation of agreed up next steps.
Actor(s) Provider
Patient
Action “1 would prefer to stay on Zoloft since | am not having any side effectsfromiit.
Breakdown | am okay with starting a second medication, if that iswhat it takes. | will start
on individual therapy. | want to feel better. If you can get me help to figure
out my money problems, | will takeit.”
Technology EHR
a. Dataentry of Patient Goal
Standard
Appendix
18 Action Provider and patient agree upon the following changes to the care regimen,
which are documented in the Care Plan.
Cognitive Goal: | Accurate documentation of agreed up next steps.
Actor(s)
Action Care Plan Activities/ Targeted Completion
Breakdown

a. Continue Zoloft 150 mg p.o. daily / Immediately

b. Start Venlafaxine 37.5 mg daily x 4 days, then increase to 37.5 mg twice
daily / Immediately

383


http://browser.ihtsdotools.org/
http://browser.ihtsdotools.org/
http://www.icd10data.com/
http://www.icd10data.com/
http://www.nlm.nih.gov/research/umls/rxnorm/
http://www.nlm.nih.gov/research/umls/rxnorm/

Draft

Informatics Architecture Use Cases Draft

Step

Component

Narrative

c. Referral for weekly individual psychotherapy — by Provider / Now

d. Make appointment for weekly individual psychotherapy — by Patient /
Immediately

e. Continue weekly group psychotherapy / Ongoing

f. Referral to Supported Housing Services provided. Patient to follow up /
Immediately

g. Continue Vocational Rehabilitation Training / Ongoing

h. Follow up in 2 weeks to evaluate for medication side effects. - Provider
adds task for MOA to schedule appointment when patient checks out. / 2
Weeks

Note: Graphic User Interface (GUI) would allow user to popul ate atarget date
for each activity (i.e. 1 week = 1.17.15), along with a Completed date when
the activity is completed/closed.

Note: Patient understands that they are responsible for making appointments
for al referrals and follow up appointments.

Technology

EHR

a. Dataentry of CarePlan

Standard

a SNOMED-CT [http://browser.ihtsdotool s.org/]
b. ICD-10 [http://www.icd10data.com/]

¢. RxNorm [http://www.nIm.nih.gov/research/umls/rxnorm/]

Appendix

19

Action

Provider utilizes CPOE to implement orders and referrals.

Cognitive Goal:

Actor(s)

Provider

Action
Breakdown

Provider utilizes CPOE to order the following:

a. Venlafaxine 37.5 mg daily x 4 days, then increase to 37.5 mg twice daily.
Disp: 24

b. Referral for individual psychotherapy. 20 sessions. Diagnosis: Depression,
PTSD. Reason: Worsening depression (PHQ-9 15 ->17 on Zoloft 150 mg
daily and weekly group psychotherapy)

c. Referral for Supported Housing Services

Technology

EHR

a. CPOE

Standard

a. SNOMED-CT [http://browser.ihtsdotools.org/]

b. ICD-10 [http://www.icd10data.com/]
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Step  |Component Narrative
¢. RxNorm [http://www.nIm.nih.gov/research/umls/rxnorm/]
Appendix
20 Action Provider closes the visit by having the patient do a“return demonstration” of
their next steps in the management of their health. This includes time frames
for completion of each event.
An dfter visit summary [http://www.cms.gov/Regulations-and-Guidance/
L egislation/EHRIncentivePrograms/downloads/13_Clinical_Summaries.pdf]
(AVS) isprovided.
Cognitive Goal: |Evaluation of patient understanding.
Actor(s) Provider
Patient
Action Patient states, “| am going to:
Breakdown
a. Keep taking my Zoloft and start taking Venlafaxine (once aday for 4 days
and then twice a day after that)
b. Keep going to my group psychotherapy and make an appointment for
weekly individual psychotherapy with the person that you recommended
c. Contact Supported Housing Services and finish my Vocationa
Rehabilitation Training
d. Make an appointment to see you in 2 weeks and let you know sooner if |
am having side effects from the new medication.
Technology
Standard
Appendix After  Visit  Summary  (AVS)  [http://www.hsrd.research.va.gov/
for_researchers/cyber_seminars/archives/743-notes.pdf]
21 Action Patient ‘checks out’ with MOA
Cognitive Goal:
Actor(s) Patient
MOA
Action MOA view task list and sees that patient needs a follow up appointment in 2
Breakdown weeks.
a. OC schedules follow up appointment in 2 weeks
b. OC marks the encounter as ‘ completed’
Technology Scheduling system
a. Visualization of work list and Provider schedule
b. Dataentry
Standard
Appendix
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Step  |Component Narrative
22 Action Provider signs off on the encounter
Cognitive Goal:
Actor(s) Provider
Action a. Provider reviews and validates note and data entered during the encounter
Breakdown

b. Provider signs off on the encounter
Technology EHR

a Visudization of data

b. Dataentry
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]

b. ICD-10 [http://www.icd10data.com/]

¢. RxNorm [http://www.nIm.nih.gov/research/umls/rxnorm/]

Appendix

5.9. Data fields required

See appendix references as examples/guides

5.10. Notes and Issues

1. Entriesthat include *** indicate compliance with a Meaningful Use clinical quality measure
a CMS 68 — Documentation of Current Medicationsin the Medical Record
b. CMS 138 — Preventative Care and Screening: Tobacco Use: Screening and Cessation Intervention

c. CMS 69 — Preventative Care and Screening: BMI Screening and Follow up Plan

5.11. References for Clinical Management of Depression
and PTSD

Markowitz, Jand Weissman, M. World Psychiatry. (2004). Oct; 3(3): 136—139. Interpersonal Psychothera-
py: Principlesand Applications. Retrieved from http://www.ncbi.nlm.nih.gov/pmc/articlesy PM C1414693/

Observational Medical Outcomes Partnership (OMOP). (2014). OMOP standard vocabulary specifica-
tion. Washington, DC: Innovation in Medical Evidence Development and Surveillance, The Reagan-Udall
Foundation for the Food and Drug Administration. Retrieved from http://omop.org/V ocabul aries

United States Department of Veterans Affairs. VA/DoD Clinical Practice Guidelines (2014). Management
of Major Depressive Disorder. Retrieved from http://www.healthquality.va.gov/

United States Department of Veterans Affairs. VA/DoD Clinical Practice Guidelines (2010). Man-
agement of Post-Traumatic Stress Disorder and Acute Sress Reaction. Retrieved from http:/
www.healthguality.va.gov/guidelines/M H/ptsd/
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5.12.

Additional References

Byrne, John M., Rob Durkin, Richard Cho, Deanna Callahan, and Shane Elliott. VA Loma Linda
Healthcare System. The After Visit Summary (AVYS). Retrieved from http://www.hsrd.research.va.gov/
for_researchers/cyber_seminars/archives/743-notes.pdf

Carin Center. Psychiatric Evaluation Intake Form. Retrieved from http://cairncenter.com/forms/Psychi-
atric%20I ntake%20Form. pdf

Centers for Medicare and Medicaid Services. (2014). Medication Reconciliation. Retrieved
from http://www.healthit.gov/providers-prof essi onal s/achi eve-meani ngf ul-use/menu-measures/medi ca-
tion-reconciliation

Joint  Commission.  (2006). Sentinel Event  Alert, Issue 35 Using Medica
tion Reconciliation to Prevent Errors. Retrieved from http://www.jointcommission.org/
sentinel_event_alert issue 35 _using_medication_reconciliation to_prevent errors/

Observational Medical Outcomes Partnership (OMOP). (2014). OMOP standard vocabulary specifica-
tion. Washington, DC: Innovation in Medical Evidence Development and Surveillance, The Reagan-Udall
Foundation for the Food and Drug Administration. Retrieved from http://omop.org/V ocabul aries

United States Department of Veterans Affairs. My HealtheVet. Alcohol Use Screening (AUDIT-C)
— Instructions. Retrieved from https.//www.myhealthevet.va.gov/mhv-portal-web/anonymous.portal ?
nfpb=true& pagel abel=mentalHealth& contentPage=mh_screening_tools/

ALCOHOL_SCREENING.HTML&WT .ac=mentalHealth Alcohol Screen

United States Department of Veterans Affairs. My HedtheVet. Depression Screening (PHQ-9)
— Instructions. Retrieved from https.//www.myhealthevet.va.gov/mhv-portal-web/anonymous.portal ?
_nfpb=true& pagel abel=mental Health& contentPage=mh_screening_tools/

PHQ SCREENING.HTML&WT.ac=mentalHealth PHQScreen

United States Department of Veterans Affairs. My HedtheVet. PTSD Screening (PCL)
— Instructions. Retrieved from https.//www.myhealthevet.va.gov/mhv-portal -web/anonymous.portal ?
_nfpb=true& pagel abel=mentalHealth& contentPage=mh_screening_tools/
PTSD_SCREENING.HTML&WT.ac=mentalHealth PTSDScreen

United States Department of Veterans Affairs. My HealtheVet. Substance Abuse Screening (ASSST)
— Instructions. Retrieved from https.//www.myhealthevet.va.gov/mhv-portal -web/anonymous.portal ?

nfpb=true& pagel abel=mentalHealth& contentPage=mh_screening_tools/
ASSIST.HTML&WT.ac=mentalHealth AssistScreen

United States Department of Veterans Affairs. (2011). Medication Reconciliation. Re-
trieved from http://www.va.gov/vhapublications/ViewPublication.asp?pub_|D=2390

University of Utah Medica School. Psychiatry Clerkship. Retrieved from http://
web.utah.edu/umed/courses/year3/psychiatry/psychaid.html

University of Tennessee Health Science Center. (2005). Internal Medicine History and
Physical. Retrieved from https.//www.uthsc.edu/gim/documents/ward-H& P.pdf

6. New patient profile and initial diagnosis of
DM Type 2

DM 1
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6.1. Introduction

1

Thisuse casewas created to eval uate the ontology created by the VistA Evolution GUI Research project.
It includes common assessments, observations, interventions, and cognitive goalsthat arisewhile caring
for apatient in this scenario to ensure that the ontology can accommodate these concepts.

. All clinical datain thisuse caseis synthetic. Data was created to support the flow of this use case and

provide examples of clinical observations that are documented throughout the interaction.

. Clinical decision making in this use case is based, primarily, on VA/DoD Clinica Prac-

tice Guidelines for the Management of Diabetes Mellitus in Primary Care, available at: http://
www.healthquality.va.gov/guidelines/ CD/diabetes/

. Additional clinical resources are listed below in the Reference section.

. Cognitive goals are included in some ‘Actions to provide insight on the Provider or healthcare

professional’ s mental process at that point of the encounter.

. Hyperlinks present in the Appendix column are included to provide examples of the data fields and

values that may be entered by the EHR user during this step of the use case.

. Hyperlinks present in the Standards column suggest standardized terminologies that may be used to

capture datain this step of the use case.

6.2. Actors

Patient: aperson receiving or registered to receive medical treatment

Provider: Physician, physician assistant (PA), or nurse practitioner (NP). All are skilled health-care pro-
fessionals trained and licensed to diagnose and treat patients within their defined scope of practice.

Office Clerk (OC): an administrative assistant that manages appointment schedules for the physiciansin
the practice and handles insurance coverage intake and receipt of co-pays for office visits.

6.3. Description

New patient (35 year old white male) presents to primary care practice for a physical and is diagnosed
with DM Type 2

6.4. Trigger

1

2.

Patient arrives to primary care practice office for ascheduled physical that is required as a pre-employ-
ment requirement

Minimum demographic data was collected from patient over-the-phone for pre-arrival insurance/eligi-
bility verification

6.5. Preconditions

1.

The patient brings a copy of their most recent lab work drawn one year ago:
a. Fasting—chem7 (blood):

i. sodium (NA)=138 mEg/L

ii. potassium (K)=3.9 mEg/L
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iii. blood urea nitrogen (BUN)=12 mg/dL
iv. creatinine (Cr)=0.8 mg/dL

V. glucose=135 (H)

. Fasting—glycated hemoglobin (HbA1c)=6.4 (H)

. Fasting—lipid panel:

i. total cholesterol=185 mg/dL

ii. triglycerides=150 mg/dL

iii. high-density lipoproteins (HDL)=60 mg/dL
iv. low-density lipoproteins (LDL)=125 mg/dL

. CBC
i. WBC=6.6
ii. RBC=4.7

iii.Hemoglobin = 14.5 grams/dL
iv. Hematocrit = 40.2 %

v. Platelet count = 235 billion/L

6.6. Postconditions

Minimal guarantees:
1. Datafields required to support this clinical workflow will be present in the EHR.
2. Dataentered will be stored utilizing the appropriate clinical vocabulary.

Success guarantees:

1. EHR supports patient-centered care, guided by goals set by the patient.

6.7. Assumptions

2. Patient receives evidence-based care based on the health concerns that are noted during the outpatient
visit.
3. Patient will achieve improved outcomes and satisfaction as a result of care facilitated by EHR func-
tionality.

1. The patient was provided the option of entering their demographic and past medical history information
via an online patient portal, however they did not have time to utilize this option. In this scenario,
a patient portal tablet is provided to the patient when they present to the office to enter the required
information.

a. Patientswho do not utilize the online patient portal prior to their appointment are asked to arrive for
their appointment 15 minutes early to provide time for this required data collection.

389



Draft

Informatics Architecture Use Cases Draft

o g A~ 0w

. The practice utilizes patient portal tablets in their office to capture patient demographic, past medical

history (PMH), “reason for visit” information, etc.
a. The patient portal can sync with the EHR and populate required fieldsin the EHR
b. The patient portal enforces mandatory fields to ensure that all required datais captured

c. The patient is oriented to the patient portal and enters all relevant and required information

. Patient is able to select any Provider to complete the pre-employment physical

Patient has not had anything to eat or drink since the night before.

. EHR can manage the transition of OC to Provider (e.g., move from one work list to another)
. EHR has computerized physician order entry (CPOE) functionality

. EHR is able to generate referral request as entered by Provider

. Diabetics on oral hypoglycemic medications are managed by their primary care physician.

. Standard vocabularies utilized by the organization include: 1CD10 for Diagnosis, RxNorm for medi-

cations, SNOMED-CT for clinical assessments, care that is provided and lab results, and LOINC for
laboratory tests.

6.8. Normal Flow

Step  |Component Narrative
1 Action Patient checks in at front desk of medical office
Cognitive Goal:
Actor(s) ocC
Patient
Action OC marks the patient as present in the scheduling system
Breakdown
Technology Scheduling system (data entry)
Standard
Appendix
2 Action OC provides the patient with an electronic tablet to finish new patient
information (e.g. demographic info, PMH, etc.)
Cognitive Goal:
Actor(s) ocC
Patient
Action Patient enters the following information in to the system:
Breakdown

a. Validates demographic information
b. Validatesinsurance: Tricare, member #: XXX-XX, €tc.

¢. PMH: melanoma on nose 2007, appendectomy 1990

d. Allergies: Penicillin (hives)
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Step

Component

Narrative

e. Current medications: none

f. Smoker: No

g. Alcohol Use: Socia

h. Substance Use: No

i. Reason for visit: Pre-employment physical
Patient compl etes depression screening (PHQ-2)
j. Result: 0 (Negative)

Patient completes PTSD screening

k. Results: Negative

Patient completes alcohol use screening

I. Result: 2 (Negative)

Patient compl etes substance use screening

m. Result: Alcohal ‘5" (Low Risk)

Technology

EHR Patient Portal (Data entry)

Standard

Appendix

New Patient Sheet [ https://mwww.freeprintablemedi calforms.com/
download.php?

file=TmV3X 1BhdGlIbnRfU2hIZX QucGRMLDEQOOTY 3M DMXxNDUSZmNIN
%3D]

Adult Health History [http://georgetownmedical.com/util/documents/hx-
physical-form.pdf]

VA/DoD Clinical Guidelines for Depression [http://
www.healthquality.va.gov/guidelinessMH/mdd/
CPGMDDClinical GuidelinesPocketCard053013.pdf]

PCL (PTSD Screening Tool) [https://www.myhealthevet.va.gov/mhv-portal -
web/anonymous.portal ?

_nfpb=true& _pagel abel=mental Health& contentPage=mh_screening_tools/
PTSD_SCREENING.HTML&WT.ac=mentalHealth_PTSD Screen]

Alcohol Use Screening Toal [https.//www.myhealthevet.va.gov/mhv-portal -
web/anonymous.portal ?

_nfpb=true& _pagel abel=mental Health& contentPage=mh_screening_tools/
ALCOHOL_SCREENING.HTML&WT.ac=mentalHealth_Alcohol Screen#nq

Substance Abuse Screening Tool [https://www.myhealthevet.va.gov/mhv-
portal-web/anonymous.portal ?
_nfpb=true& _pagel abel=mental Health& contentPage=mh_screening_tools/

GZKZjgzY TY5Y

Javascript]

ASSIST.HTML&WT.ac=mentalHealth_AssistScreen#noJavascript]
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Step  |Component Narrative
3 Action OC accepts tablet back from patient, syncs it with the EHR, and completes
registration process
Cognitive Goal:
Actor(s) ocC
Action a. Validatesthat all required fields are popul ated and house relevant data
Breakdown
b. Enters demographic information in to EHR using standard vocabulary
c. Registration to EHR: flagged ‘ready for provider’
Technology Registration system (data transfer and validation)
EHR (status entry)
Standard a. Address [http://pe.usps.gov/cpim/ftp/pubs/Pub28/pub28.pdf]
b. Sex [http://phinvads.cdc.gov/vads/ViewV alueSet.action?
0i10=2.16.840.1.114222.4.11.1038]
c. Ethnicity [http://www.whitehouse.gov/omb/fedreg_1997standards]
d. Race [http://www.cdc.gov/minorityheal th/popul ationsyREM P/
definitions.html]
Appendix
4 Action PA/NP views task list to review the day’ s list of scheduled appointments.
Cognitive Goal: |Plan the day ahead. Review charts (if time allows) and alert self to potential
problems or areasfor close review.
Actor(s) Provider
Action Views task list to review list of scheduled appointments for the day and the
Breakdown location of patients who have checked in with the front desk already
Technology Scheduling system (visualization)
Standard
Appendix
5 Action PA/NP reviews information provided by the patient via the portal, 1ab results
presented to the OC, and then searches the EHR system for other health care
occurrences.
Cognitive Goal: |Create a patient “ profile” with the gathered information, along with a list of
indicated interventions based on age, demographics, and other data viewed.
(i.e. will need flu shot if it is flu season). Note: This cognitive function
is supplemented by decision support reminders and notifications. Form
guestions about gaps in information.
Actor(s) Provider
Action a. Provider queries the system by patient name, social security humber, and
Breakdown Patient ID number. No results returned.
Technology EHR (Query and visualization)
Standard
Appendix
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Step  |Component Narrative
6 Action PA/NP calls patient in to examination room
Cognitive Goal:
Actor(s) Provider
Patient
Action Patient reports that they are “feeling fine and the only reason they made the
Breakdown appointment was for a pre-employment physical”
a. Reviews and validates reason for visit—pre-employment physical
b. Reviews and updates medical history
c. Entersrelevant existing history to the Active Problem List
Technology EHR (Visualization of Health History and Data entry)
Standard a. SNOMED-CT [http://browser.ihtsdotool s.org/]
b. ICD-10 [http://www.icd10data.com/]
Appendix
7 Action PA/NP discusses lab results brought by the patient that were drawn one year
ago
Cognitive Goal: |Create a differential diagnosis (i.e. Type 1 DM vs. Type 2 DM vs. Metabolic
Syndrome, etc.) Select-a ‘working’ diagnosis (DM Type 2). Begin to formulate
amental plan for additional diagnostic tests to confirm suspected diagnosis.
Actor(s) Provider
Patient
Action Provider discusses concern about elevated glucose and HbA 1c.
Breakdown
Patient states, “ The other doctor explained that my blood sugar wasalittle high
and | should watch what | eat. | feel fine though. | haven't had any problems.”
Technology
Standard
Appendix
8 Action PA/NP provides the patient a gown and alows time for the patient to change
Cognitive Goal:
Actor(s) Provider
Patient
Action
Breakdown
Technology
Standard
Appendix
9 Action PA/NP returns to the exam room. Vital signs (VS) are taken and entered in

to the EHR.
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Step  |Component Narrative
Cognitive Goal:
Actor(s) Provider
Patient
Action
Breakdown
Technology
Standard
Appendix
10 Action PA/NP returns to the exam room. Vital signs (VS) are taken and entered in
to the EHR.
Cognitive Goal: | Assess health status. Deter mine observations outside of normal limits. Identify
risk factors for DM (i.e. elevated BMI)
Actor(s) Provider
Patient
Action height=72"
Breakdown
weight=235 |bs
***BM|[=31
heart rate= 82 bpm
respirations= 18/min
blood pressure= 128/78 mmHg
temperature=97.9F
Eye exam = Right 20/20, Left 20/20 without glasses
Pupils: Equal
Technology EHR (Data entry)
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. LOINC [http://search.loinc.org/search.zul query=BMI]
Appendix Pre-employment Physical Exam form (page 2) [http://healthcareexpress.us/
downloads/physical_evaluation_form.pdf]
11 Action PA/NP performs a head to toe assessment, documents findings in EHR, and
completes pre-employment physical form.
Cognitive Goal: | Assess health status. Deter mine observations outside of normal limits. Identify
areas of concern if DM is confirmed (i.e. ingrown toenail)
Actor(s) Provider
Patient
Action Eyes/Ears/Nose/Throat: Within normal limits (WNL)
Breakdown
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Step  |Component Narrative
Heart: S1S2, regular
Pulses: + 2 throughout
Lungs: clear bilaterally
Abdomen: soft, benign, waist circumference = 42 inches
Skin: intact.
Visual inspection of feet: Ingrown toenail
Technology EHR (Data entry)
Standard a SNOMED-CT [http://browser.ihtsdotools.org/]
Appendix Pre-employment Physical Exam form (page 2) [http://healthcareexpress.us/
downloads/physical_evaluation_form.pdf]
12 Action Point-of-care (POC) anaysis—fasting glucose performed due to elevated
resultsin the past. Results entered in to EHR.
Cognitive Goal: |Evaluate fasting glucose to determine validity of differential diagnosis. If
elevated, this is the second incidence of an elevated fasting blood glucose,
therefore the patient will be diagnosed with DM Type 2.
Actor(s) Provider
Patient
Action POC fasting glucose=145mg/dL
Breakdown
Technology EHR (Data entry)
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. LOINC [http://search.loinc.org/search.zul ?query=BMI]
Appendix
13 Action PA/NP utilizes hyperlinksto clinical guidelinesand decision support resources
to confirm diagnosis
Cognitive Goal: |Validate working diagnoses of Obesity and DM Type 2 by utilizing scientific
I esour ces.
Actor(s) Provider
Patient
Action a. Provider views clinical guidelines for obesity and DM Type 2 that are
Breakdown available viaan InfoButton and validates:

a. Patient is obese based on BMI
i. Obesity isadded to the Problem List

b. Fasting glucoseiselevated. Sincethisisthe second occurrence of fasting
glucose >=126, the patient is now diagnosed as having DM Type 2

i. DM Type 2isadded to the Problem List

395


http://browser.ihtsdotools.org/
http://browser.ihtsdotools.org/
http://healthcareexpress.us/downloads/physical_evaluation_form.pdf
http://healthcareexpress.us/downloads/physical_evaluation_form.pdf
http://healthcareexpress.us/downloads/physical_evaluation_form.pdf
http://browser.ihtsdotools.org/
http://browser.ihtsdotools.org/
http://search.loinc.org/search.zul?query=BMI
http://search.loinc.org/search.zul?query=BMI

Draft

Informatics Architecture Use Cases Draft

Step  |Component Narrative
Technology EHR (Linksto Clinical Resources and Data entry on Problem List)
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
Appendix Standards of Medical Care in Diabetes [http://care.diabetesjournals.org/
content/36/Supplement_1/S11.full]
VA Clinical Practice Guidelines for Management of DM [http:/
www.healthquality.va.gov/guidelines’CD/diabetess DM 2010_FUL -v4e.pdf]
14 Action PA/NP discusses findings and health concerns noted during the examination
Cognitive Goal: |Evaluate patient understanding and engagement following discussion of
diagnoses’ and indications for care.
Actor(s) Provider
Patient
Action a. Patient is Obese based on elevated BMI
Breakdown
b. Patient has Type 2 Diabetes Mellitus based on evidence of elevated fasting
blood glucose levels >= 126 on 2 different occasions
c¢. Provider discusses the clinical significance of these diseases, their impact
on the body, and recommended treatment regimens
a. Provider recommendsdetailed follow up for DM to properly managethe
disease, along with aweight loss program (since DM may be caused by
the obesity).
b. Discuss the need for lifestyle changes and the possibility of starting on
an oral hypoglycemic medication
d. Patient is cleared for employment
Technology
Standard
Appendix
15 Action Patient and PA/NP discussthe patient’ s goal s based on these physical findings
and recommendations
Cognitive Goal: |Understand patient perspective and goals. Begin to formulate a personalized
plan of care for the patient.
Actor(s) Provider
Patient
Action a. Patient statesthat they want to lose weight, since that will reduce insurance
Breakdown premiums and help with the diabetes

b. They prefer group exercise classes, otherwise they tend to skip work out
sessions.

¢. They aso want to learn about as much as possible about DM, because they
do not know anything about it.
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Step  |Component Narrative
d. They prefer to try lifestyle modification (diet and exercise) to manage their
blood sugar before starting on a medication
Technology EHR (Data entry of Patient Goals and priorities)
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
Appendix Shared Decision Making Resource [http://www.healthquality.va.gov/
guidelines/CD/diabetes/cpgSDM DM POCK ETFinal PRESS022513. pdf]
16 Action Provider develops a care plan with the patient, based on their stated goals
Cognitive Goal: | Appropriate selection of interventions based on the patient’s condition and
preferences.
Actor(s) Provider
Patient
Action a Order: Chem 7, CBC, ***Fasting Lipid Profile, urinefor microalbuminuria,
Breakdown and HbA1c to be drawn during this appointment.

a. Add task for OC to print out lab orders

b. Follow up in one month to evaluate blood sugar and weight with lifestyle
modifications

a Add task for OC to schedule afollow up appointment in 1 month

c. ***Refer to weight loss program for diet, exercise and behavior
modification — *Make first appointment within next week.

» *Weight loss goal — 5 pounds within next month
d. Provide brochures on free exercise classes at local community center

« *Attend 1 hour exercise class 3 times aweek and walk 2 miles 4 times
aweek

e. Refer to diabetic educator for disease specific education related to
symptoms and management

» *Make first appointment within next week
f. Refer to support group education sessions for newly diagnosed diabetics.
 *Attend one meeting/month
g. ***Refer to Podiatrist
» *Make appointment within next month
* Provider adds task to review outcome of referral in 6 weeks
h. ***Refer to Ophthalmologist

» *Make appointment within next month.

» Provider adds task to review outcome of referral in 6 weeks
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Step  |Component Narrative
i. Encourage patient to utilize patient portal Provide access information to
patient portal so that patient can view records at any time
j. Establish personalized godls:
* *Maintain HbAlc < 7%
» *Fasting blood sugar <125
» *BP<140/80
e *LDL <125 mg/dL

Technology EHR (Data entry of Care Plan)

Standard a SNOMED-CT [http://browser.ihtsdotools.org/]

b. LOINC [http://search.loinc.org/search.zul 2query=BMI]

Appendix Physician Referral  Form  [http://www.mayo.edu/pmts/mc0600-mc0699/
mc0688-04.pdf]

VA Clinica Guidelines for Obesity [http://www.healthquality.va.gov/
guidelines/CD/obesity/V ADoDOBECPGPocketCardFINAL070314.pdf]

DM Teaching Checklist [http://www.healthquality.va.gov/guidelines’CD/
diabetes/DiabetesT eachingChecklist. pdf]

Teaching Points for Patients with DM [http://www.healthquality.va.gov/
guidelines/CD/diabetes/DiabetesT eachingFlipChart.pdf]

17 Action Provider creates a care plan with the patient (based on their stated goals),
then closes the OV by having the patient do a“return demonstration” of their
next steps in the management of their health. This includes time frames for
completion of each event.

An dfter visit summary [http://www.cms.gov/Regulations-and-Guidance/
L egislation/EHRIncentivePrograms/downloads/13_Clinical_Summaries.pdf]
(AVYS) isprovided.

Cognitive Goal: |Evaluate patient understanding of the plan of care, along with their level of
commitment. Determine if the patient would benefit from additional support
mechanisms.

Actor(s) Provider
Patient

Action Care Plan Activities / Targeted Completion

Breakdown

a. Fasting lab work at the end of thisvisit. / Now
b. Follow up appt. / 1 Month

c. Makeappt. w/ weight loss program and diabetic educator within next week /
1 week

d. Lose 10 Ibs within next 3 months (patient will monitor progress weekly) /
3 months
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Step  |Component Narrative
e. Attend exercise class 3 x’ s'week and walk 4 x’ s'week / weekly
f. Attend 1 DM group therapy session per month / 1 month
g. Make appointments. with Podiatrist and Ophthalmologist and be seen by
these specialists within the next month / 1 month
h. Work to achieve my personal goals/ Ongoing
Note: Graphic User Interface (GUI) would allow user to populate a target
datefor each activity (i.e. 1 day = 1.10.15), along with a Completed date when
theactivity is completed/closed. GUI will also allow provider to view progress
towards toward Activity Completion, if the activity spans a period of time (i.e.
lose 10 Ibs within the next 3 months).
Technology EHR (Visualization of care plan)
Standard
Appendix AV S [http://www.healthit.gov/sites/defaul t/fil es/avs-tech-guide.pdf]
18 Action Patient ‘ checks out” with OC
Cognitive Goal:
Actor(s) Patient
ocC
Action a. OC schedules fallow up appointment in one week
Breakdown
b. OC printslab orders, labels blood vials and sends blood samplesto lab
¢. OC marks the encounter as ‘ completed’
Technology Scheduling system (Data entry and visualization)
CPOE (Visualization of lab orders for printing)
Standard
Appendix
19 Action Provider signs off on the encounter
Cognitive Goal:
Actor(s) Provider
Action a. Provider reviews and validates note and data entered during the encounter
Breakdown
b. Provider signs off on the encounter
Technology EHR (Data entry and visualization)
Standard
Appendix

Alternative Flows:

20

Action

Lab results are returned

Cognitive Goal:
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Step  |Component Narrative
Actor(s) Patient
Action a Patient receives email notification that lab results are available on the
Breakdown patient portal
i. Patient logsin to the patient portal to view results
A. Patient clicks on information buttons for each result to view
explanation of the lab test, result ranges, and links to additional
information
ii. Since Provider has set notification alert thresholds to only notify
for abnormal results or lack of results, the lab results are added to
the Provider's task list for viewing and the Provider only receives
notification about elevated HbA 1c and glucose levels
Technology
Standard
Appendix
21 Action Patient has question about a specific lab result
Cognitive Goal:
Actor(s) Patient
Provider
Action a. Patient clicks on secure email icon within the patient portal, enters their
Breakdown question for the Provider, and hits the Send button
b. Provider receives email notification that a secure message is waiting from
apatient
c. Provider enters secure email application, sends a response to the patient,
and encourages the patient to email or call the office with any additional
guestions or concerns.
Technology
Standard
Appendix

6.9. Data fields required

See appendix references as examples/guides

6.10. Notes and Issues

1. Entriesthat include *** indicate compliance with a Meaningful Use clinical quality measure

a. CMS2 - Preventative Care and Screening: Screening for Clinical Depression and Follow-Up Plan

6.11. References for Clinical Management of Diabetes

American Diabetes Association. (2013). Standards of Medical Carein Diabetes—2013.
Retrieved from http://care.diabetesjournal s.org/content/36/Supplement_1/S11.full
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U.S. Department of Veterans Affairs. (2014). VA/DoD Clinical Practice Guidelines.
Management of Diabetes Méellitus. Retrieved from http://www.healthquality.va.gov/

United States Department of Veterans Affairs. (2012). VA/DoD Clini-
cal Practice Guidelines. DM Shared Decision Making Diabetes Pock-
et Card. Retrieved from http://www.healthquality.va.gov/guidelines/CD/dia-
betes/cpgSDM DM POCK ETFinal PRESS022513. pdf

United States Department of Veterans Affairs. VA/DoD Clinical Prac-
tice Guidelines. Patient/Family/Caregiver Teaching Checklist for Diabetes
Education. Retrieved from  http://www.healthquality.va.gov/guidelines/CD/dia-
betes/DiabetesT eachingChecklist.pdf

United States Department of Veterans Affairs. VA/DoD Clinical Practice Guidelines. Sdf-care
Sills for Patients with Diabetes. Retrieved from http://www.healthquality.va.gov/guidelines/CD/dia
betes/DiabetesT eachingFlipChart. pdf

6.12. Additional References

Amezcua, Karen. (2011). Leveraging the EHR to Improve Diabetes Care. Retrieved
from http://www.health.state.mn.us/e-heal th/summit/s201108amezcua. pdf

Free Printable Medical Forms. New Patient Sheet. Retrieved from http://
www.freeprintablemedicalforms.com/preview/New_Patient Sheet

Georgetown University Medical Clinic. (2015). Initial Clinical History and Phys-
ical Form. Retrieved from http://georgetownmedical.com/util/documents/hx-physi-

cal-form.pdf

Healthcare Express — Urgent Care and Occupational Medicine. Physical Evaluation.
Retrieved from http://healthcareexpress.us/downl oads/physical_evaluation_form.pdf

Mayo Clinic. (2013). Referral to Mayo Clinic. Retrieved from http://www.mayo.edu/
pmts/mc0600-mc0699/mc0688-04. pdf

Observational Medical Outcomes Partnership (OMOP). (2014). OMOP standard vo-
cabulary specification. Washington, DC: Innovation in Medical Evidence Devel opment
and Surveillance, The Reagan-Udall Foundation for the Food and Drug Administration.
Retrieved from http://omop.org/V ocabularies

United States Department of Veterans Affars. My  HedtheVet.
Alcohol Use Screening (AUDIT-C) - Instructions. Re-
trieved from https.//www.myhealthevet.va.gov/mhv-portal-web/anonymous.portal ?
nfpb=true& pagel abel=mentalHealth& contentPage=mh_screening_tools/
ALCOHOL _SCREENING.HTML&WT .ac=mentalHealth_Alcohol Screen

United States Department of Veterans Affairs. My
HealtheVet. PTSD Screening (PCL) - Instructions. Re-
trieved from https://www.myhealthevet.va.gov/mhv-portal-web/anonymous.portal ?
_nfpb=true& pagel abel=mental Health& contentPage=mh_screening_tools/
PTSD_SCREENING.HTML&WT.ac=mentalHealth PTSDScreen

United States Depatment of Veterans Affairs. My  HedtheVet.
Substance Abuse Screening (ASSIST) - Instructions. Re-
trieved from https.//www.myhealthevet.va.gov/mhv-portal -web/anonymous.portal ?
nfpb=true& pagel abel=mentalHealth& contentPage=mh_screening_tools/
ASSIST.HTML&WT.ac=mentalHealth AssistScreen
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United States Department of Veterans Affairs. (2014). VA/DoD Clinical Prac-
tice Guidelines. Management of Major Depressive Disorder. Retrieved from http:/
www.healthquality.va.gov/

United States Department of Veterans Affairs. (2014). VA/DoD Clinical
Practice Guidelines. Screening and Management of Overweight and Obesity
Pocket Card. Retrieved from http://www.healthquality.va.gov/guidelines’CD/obesi -
ty/V ADoDOBECPGPocketCardFINAL 070314.pdf

7. Follow-up Outpatient Visit for Established
Diabetic Patient

DM 2

7.1. Introduction

1

Thisuse casewas created to eval uate the ontology created by the VistA Evolution GUI Research project.
It includes common assessments, observations, interventions, and cognitive goal sthat arisewhile caring
for apatient in this scenario to ensure that the ontology can accommodate these concepts.

. All clinical datain thisuse caseis synthetic. Data was created to support the flow of this use case and

provide examples of clinical observations that are documented throughout the interaction.

. Clinical decision making in this use case is based, primarily, on VA/DoD Clinica Prac-

tice Guidelines for the Management of Diabetes Méellitus in Primary Care, available at: http://
www.healthguality.va.gov/guidelines/CD/diabetes/

. Additional clinical resources are listed below in the Reference section.

. Cognitive goals are included in some ‘Actions to provide insight on the Provider or healthcare

professional’ s mental process at that point of the encounter.

. Hyperlinks present in the Appendix column are included to provide examples of the data fields and

values that may be entered by the EHR user during this step of the use case.

. Hyperlinks present in the Standards column suggest standardized terminologies that may be used to

capture data in this step of the use case.

7.2. Actors

Patient: aperson receiving or registered to receive medical treatment.

Provider: askilled health-care professional that istrained and licensed to practice medicine. Thisincludes:
Physician (MD or DO), nurse practitioner (NP) or physician assistant (PA).

Medical Office Assistant (M OA) also known asa M edical Assistant or Medical Technician: ahealth-
care care team member that performs administrative and/or clinical tasksto support the work of Providers
or other health professionals.

7.3. Description

Routine follow-up visit for previous diagnosis of patient with Diabetes Méllitus Type 2 (DM2)
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7.4. Trigger

Patient arrives to physician office for their DM 2 routine follow-up

7.5. Preconditions

1. Patient has aready been diagnosed with DM2
2. Patient has an established relationship with this primary care provider.
3. Patient had laboratory tests completed one week prior to office visit.
a. Fasting—Chem?7 (blood):

vi. sodium (NA)=140 mEg/L

vii potassium (K)=4.5 mEg/L

vi-blood urea nitrogen (BUN)=13 mg/dL
ii.

iX. creatinine (Cr)=0.9 mg/dL

X. glucose=120 (H)
b. Fasting—glycated hemoglobin (HbA1c)=7.5 (H)
c. ***Fasting—lipid panel:

i. total cholesterol=185 mg/dL

ii. triglycerides=150 mg/dL

iii. high-density lipoproteins (HDL)=60 mg/dL

iv. low-density lipoproteins (LDL)=125 mg/dL

d. ***Micro-albumin (urine)=22 mg

7.6. Postconditions

Minimal guarantees:

1. Datafields required to support this clinical workflow will be present in the EHR.
2. Dataentered will be stored utilizing the appropriate clinical vocabulary.

Success guarantees:

1. EHR supports patient-centered care, guided by goals set by the patient.

2. Patient receives evidence-based care based on the health concerns that are noted during the outpatient
visit.

3. Patient will achieve improved outcomes and satisfaction as a result of care facilitated by EHR func-
tionality.
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7.7. Assumptions

1. EHR can manage the transition of MOA to Provider (e.g., move from one work list to another)

2. For this use case, the physician may also be substituted with another diagnostician—nurse practitioner
(NP) or physician assistant (PA).

3. Cognitive decision making throughout this office visit is based on VA Clinical Practice Guidelines
for Management of DM [http://www.healthquality.va.gov/guidelines/CD/diabetesDM 2010 FUL -
vde.pdf]

4. Standard vocabularies utilized by the organization include: ICD 10 for Diagnosis, RxNorm for medi-
cations, SNOMED-CT for clinical assessments, care that is provided and lab results, and LOINC for
laboratory tests.

5. Diabetic patients on oral hypoglycemic medications are managed by their primary care provider.

7.8. Normal Flow

Step |Component Narrative
1 Action Patient checks-in at front desk of medical office
Cognitive Goal:
Actor(s) MA
Patient
Action a Validates current patient demographics and billing information
Breakdown

b. Registration to EHR: flagged ‘ ready to be roomed’
Technology Registration System (Data entry)
Standard a. Address [http://pe.usps.gov/cpim/ftp/pubs/Pub28/pub28.pdf]

b. Sex [http://phinvads.cdc.gov/ivads/ViewV aueSet.action?
0id=2.16.840.1.114222.4.11.1038]

c. Ethnicity [http://www.whitehouse.gov/omb/fedreg 1997standards]

d. Race [http://www.cdc.gov/minorityheal th/popul ationsy REM P/
definitions.html]

Appendix New Patient Sheet [ https://mww.freeprintablemedi calforms.com/
download.php?
file=TmV 3X1BhdGIIbnRfU2hIZX QucGRMLDEOOTY 3M DMXNDUSZmNINGZkZjgzY TY5Y
%3D]

2 Action Patient is seated in waiting room

Cognitive Goal:

Actor(s) Patient

Action

Breakdown

Technology
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Step  |Component Narrative
Standard
Appendix
3 Action Patient is escorted in to an exam room
Cognitive Goal:
Actor(s)
Action MOA
Breakdown
Technology Patient is placed in room (in EHR)
Standard
Appendix
4 Action Patient reports chief complaint (CC), and provides updates on psycho-social
and medical history
Cognitive Goal: |Determine the reason for the patient's visit and relevant updates to their
medical history.
Actor(s) MOA
Patient
Action a. Reviews and validates reason for visit—routine OV for DM 2 management
Breakdown
b. Reviews and updates psychosocia history
Technology EHR (Visualization of Health History and Data entry
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. ICD-10 [http://www.icd10data.com/]
Appendix Adult Health History [http://georgetownmedical.com/util/documents/hx-
physical-form.pdf]
Health Risk Assessment
VA Clinical Practice Guidelines for Management of DM [http:/
www.healthquality.va.gov/guidelines/CD/diabetes DM 2010_FUL -v4e.pdf]
5 Action MOA asks patient to provide an update on current medications
Cognitive Goal: | Thorough understanding and documentation of reported meds.
Actor(s) MOA
Patient
Action MOA initiates ***Medication reconciliation [http://www.healthit.gov/
Breakdown providers-professional s/achi eve-meaningful -use/menu-measures/medication-
reconciliation] by documenting a list of current medications that the patient
reports taking. (Medication reconciliation is not finalized until the provider
reviews ordered medications, compares the two lists and makes clinical
decisions based on the comparison.)
Technology EHR (Visualization of Interventions and Data entry)
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Step  |Component Narrative
Standard a. RxNorm [http://www.nIm.nih.gov/research/umls/rxnorm/]
Appendix VA  Medication Reconciliation  [http://www.va.gov/vhapublications/
ViewPublication.asp?pub_1D=2390]
6 Action Patient provides MOA 90-day history of glucose readings from patient (if
available).
Cognitive Goal:
Actor(s) MOA
Action a. Patient reviews 90-day glucose history and placesin temporary paper chart.
Breakdown
Technology EHR (Data entry)
Standard
Appendix Blood Sugar Tracker
7 Action Vital signs (VS) are taken and entered in to the EHR
Cognitive Goal:
Actor(s) MOA
Patient
Action height=72"
Breakdown
weight=265 |bs
***BM|=35.9
heart rate= 80 bpm
respirations= 18 /min
blood pressure= 124/78 mmHg
temperature=98.4F
Technology EHR (Data entry)
Standard a. LOINC [http://search.loinc.org/]
b. SNOMED-CT [http://browser.ihtsdotool s.org/]
Appendix Diabetes Provider Visit Form [http://www.diabetesinitiative.org/resources/
toolydocuments/45-PROV -Provider SOA Pform_web.pdf] (Section ‘O’)
Diabetic Clinical Form and Problem List [http://www.diabetesinitiative.org/
resources/tools’documents/3-MAIC-Clinicalform_resources web.pdf]
8 Action Point-of-care (POC) analysis—glucose performed and results entered in to
EHR
Cognitive Goal:
Actor(s) MOA
Patient
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Step  |Component Narrative

Action POC glucose=154mg/dL

Breakdown

Technology EHR (Data entry)

Standard a LOINC [http://search.loinc.org/]

b. SNOMED-CT [http://browser.ihtsdotools.org/]

Appendix Diabetes Provider Visit Form [http://www.diabetesinitiative.org/resources/

tool s’documents/45-PROV -Provider SOA Pform_web.pdf] (Section ‘O’)
9 Action Patient ready for provider

Cognitive Goal:

Actor(s) MOA

Action ‘Ready for provider’ flaginitiated in EHR

Breakdown

Technology EHR (Status entry)

Standard

Appendix

10 Action Provider reviews patient chart prior to entering patient room

Cognitive Goal: |Formulate priorities for this encounter (i.e. evaluation of current therapy).
Determine if there are gaps in information or areas of concern to address.
Evaluate gathered observations for trends or concerns.

Actor(s) Provider

Action a. Reviews past medical history (PMH), current medications and dosages,

Breakdown recent lab results and lab trends, recent diagnostic procedure results (if

applicable), recent reports from specialist referrals

b. Reviews information entered by MOA (including VS and Health Risk
Assessment form) and evaluates for trends or concerns

¢. Evauates patient's 90 day glucose history

Technology EHR (Visualization of Problem List, Patient History, Interventions and
Observations)

Standard a. LOINC [http://search.loinc.org/]

b. SNOMED-CT [http://browser.ihtsdotools.org/]
¢. RxNorm [http://www.nlm.nih.gov/research/umls/rxnorm/]
d. 1CD-10 [http://www.icd10data.com/]

Appendix Diabetes Provider Visit Form [http://www.diabetesinitiative.org/resources/
tool s’documents/45-PROV -ProviderSOAPform_web.pdf] (completes chart
and lab review section)

Diabetic Clinical Form and Problem List [http://www.diabetesinitiative.org/
resources/tool 'documents/3-M A1 C-Clinicalform_resources web.pdf]
11 Action Provider enters patient room and greets patient
Cognitive Goal:
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Step  |Component Narrative
Actor(s)
Action
Breakdown
Technology
Standard
Appendix Diabetes Provider Visit Form [http://www.diabetesinitiative.org/resources/
tool s’documents/45-PROV -Provider SOA Pform_web.pdf] (Section ‘S')
12 Action Provider discussesthe patient’ s concerns and complaints and documents them
Cognitive Goal: |Establish patient's perspective on their health and disease management.
Formulate discussion points or interventions to address patient's concerns
Actor(s) Provider
Patient
Action “Sometimes | forget to take my medications in the morning because | am
Breakdown rushing out the door. | don’t have time to pack my lunch, so | eat out nearly
every day.”
Technology EHR (Data entry)
Standard
Appendix Diabetes Provider Visit Form [http://www.diabetesinitiative.org/resources/
tool s’documents/45-PROV -ProviderSOA Pform_web.pdf] (Section‘S')
13 Action Provider completes and validates *** Medication Reconciliation
Cognitive Goal: |Determine if there are discrepancies between what meds the patient is taking
and what they were ordered. Clarify expectations and medication orders to
ensure proper provision of care and compliance.
Actor(s) Provider
Patient
Action Provider discusseswhat the patient statesthat they are currently taking against
Breakdown the medication that has been prescribed.
a. Provider creates an updated list of current medications, documents the list
in the system, and provides the patient with a copy at the end of the visit.
(Note: Thisinformation isincluded in the After Visit Summary)
Technology EHR (Data entry)
Standard a. RxNorm [http://www.nIm.nih.gov/research/umls/rxnorm/]
Appendix VA  Medication Reconciliation  [http://www.va.gov/vhapublications/
ViewPublication.asp?pub_1D=2390]
14 Action Provider completes a head to toe assessment and documents results
Cognitive Goal: | Determine assessments that require discussion and/or follow-up. Evaluate for
complications of DM.
Actor(s) Provider
Patient
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Step  |Component Narrative

Action Head/Neuro: WNL

Breakdown
Heart: S1S2, BP normal
Lungs: Clear
Abdomen: Soft, benign
Extremities:. No swelling, bilateral pedal pulses +2,

Foot exam: skin intact.
***Referral provided for annual evaluations (podiatrist, ophthal mologist)

Technology EHR (Data entry)

Standard a SNOMED-CT [http://browser.ihtsdotools.org/]

Appendix Physical Exam (p 2) [https.//www.uthsc.edu/gim/documents/ward-H& P.pdf]
Physician Referral  Form  [http://www.mayo.edu/pmts/mc0600-mc0699/
mc0688-04.pdf] (additionally allow the attachment of most recent OV, lab
values, or other diagnostics)

15 Action Provider discusses blood sugar control

Cognitive Goal: |Evaluate effectiveness of current care regimen. Refine the list of potential
interventions to address noted concerns.

Actor(s) Provider
Patient

Action a. Reviews90-day history of home glucose readings (Average fasting glucose

Breakdown =120)
b. Reviews HbA1c result (HbAlc = 7.5) and trend. Shows patient data

visualization.

¢. Reviews current diabetes medications
500mg Metformin BID (preferably AM meal and PM meal)

Technology EHR (Visualization of Interventions and Observations)

Standard a. LOINC [http://search.loinc.org/]
b. SNOMED-CT [http://browser.ihtsdotools.org/]
¢. RxNorm [http://www.nIm.nih.gov/research/umls/rxnorm/]

Appendix

16 Action Patient discusses his/her goal related to diabetes management

Cognitive Goal: | Adjust potential interventions based on the patient's goals and preferences.

Actor(s) Patient
Provider

Action “| really want to remain on a pill to control my blood sugar. | don’t want to

Breakdown have to start insulin injections’
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Step

Component

Narrative

a. ***Provider initiates dietary counsel referral for nutrition coaching (eating
healthy with abusy lifestyle, tips/tricks)

b. Improve Rx compliance by providing tips/tricks (place morning medication
in briefcase or lunch bag)

c. Provide referral to community wellness center (that provides group time
management classes)

Technology

EHR (Visualization of Goals, Order entry for referrals)

Standard

a. SNOMED-CT [http://browser.ihtsdotools.org/]

b. ICD-10 [http://www.icd10data.com/]

Appendix

17

Action

Provider assesses tobacco use

Cognitive Goal:

Address DM risk factors to improve ability to manage the disease. Select
indicated cessation therapy if patient agrees to tobacco cessation.

Actor(s)

Provider

Patient

Action
Breakdown

a. Pt. statesthat they smoke %2 pack of cigarettesaday and are open to quitting.
b. Diagnosis of Tobacco User added to Problem List
c. ***Tobacco Cessation protocol initiated

VA Clinical = Guideline for Treating Tobacco Use [http:/
www.healthquality.va.gov/guidelines CD/mtu/phs_2008_quickguide.pdf]

d. Prescription written for tapering dose of Nicotine patch: 21mg every day
for 4 weeks, followed by 14 mg every day for 4 weeks, followed by 7mg
patch every day for 4 weeks

e. Start group counseling for cessation therapy

f. Provide telephone counseling resource and printed materials on smoking
cessation

Technology

EHR

Standard

a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. RxNorm [http://www.nlm.nih.gov/research/umls/rxnorm/]

c. I1CD-10 [http://www.icd10data.com/]

Appendix

Note: Provider navigates to medication order screen

18

Action

*Provider closes outpatient visit by having the patient do a “return
demonstration” of their next steps in the management of their health. This
includes time frames for completion of each event.

An dfter visit summary [http://www.cms.gov/Regulations-and-Guidance/
L egislation/EHRIncentivePrograms/downloads/13_Clinical_Summaries.pdf]
(AVS) isprovided

410


http://browser.ihtsdotools.org/
http://browser.ihtsdotools.org/
http://www.icd10data.com/
http://www.icd10data.com/
http://www.healthquality.va.gov/guidelines/CD/mtu/phs_2008_quickguide.pdf
http://www.healthquality.va.gov/guidelines/CD/mtu/phs_2008_quickguide.pdf
http://www.healthquality.va.gov/guidelines/CD/mtu/phs_2008_quickguide.pdf
http://browser.ihtsdotools.org/
http://browser.ihtsdotools.org/
http://www.nlm.nih.gov/research/umls/rxnorm/
http://www.nlm.nih.gov/research/umls/rxnorm/
http://www.icd10data.com/
http://www.icd10data.com/
http://www.cms.gov/Regulations-and-Guidance/Legislation/EHRIncentivePrograms/downloads/13_Clinical_Summaries.pdf
http://www.cms.gov/Regulations-and-Guidance/Legislation/EHRIncentivePrograms/downloads/13_Clinical_Summaries.pdf
http://www.cms.gov/Regulations-and-Guidance/Legislation/EHRIncentivePrograms/downloads/13_Clinical_Summaries.pdf

Draft

Informatics Architecture Use Cases Draft

Step

Component

Narrative

Cognitive Goal:

Evaluate patient understanding of the plan of care, along with their level of
commitment. Determine if the patient would benefit from additional support
mechanisms.

Actor(s)

Provider

Patient

Action
Breakdown

j. Repeat Chem7 and HbA 1c one week prior to next visit. Lab slips provided

Care Plan Activities / Targeted Completion

a. Referral to Podiatrist by physician / Immediately

b. Patient seen by a Podiatrist / 4 weeks

c. Referral to Ophthalmologist by physician / Immediately

d. Patient seen by an Ophthalmologist / 4 weeks

e. Referral to Nutritionist by physician / Immediately

f. Patient seen by a Nutritionist / 4 weeks

g. Referral to community wellness center by physician / Immediately
h. Medication management reinforcement by physician / Immediately

i. Smoking cessation teaching with prescription aid / 1 week

to patient / 11 weeks
k. Complete Nicotine patch tapering dose regimen as ordered / Immediately

I. Provide referral for tobacco cessation group therapy, cessation literature,
and telephone * quit line’ number / Immediately

m. Follow-up visit scheduled in 3 months/ 12 weeks

Note: Graphic User Interface (GUI) would allow user to populate a target
date for each activity (i.e. 1 week = 1.17.15), along with a Completed date
when the activity is completed/closed.

Note: Patient understands that they are responsible for making appointments
for all referrals, follow up visits, and lab work.

Technology

EHR (Data Entry, Registration/Scheduling)

Standard

Appendix

AV S [http://www.healthit.gov/sites/defaul t/fil es/avs-tech-guide.pdf]

7.9. Data fields required

See appendix references as examples/guides
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7.10. Exceptions

1. Patient does not bring historic glucose readings to the appointment, therefore it cannot be entered

2. Patient refuses one or more evaluations of V'S, therefore results cannot be entered in EHR

7.11. Notes and Issues

1. Entriesthat include *** indicate compliance with a Meaningful Use clinical quality measure
a CMS 123 - Diabetes: Foot Exam
b. CMS 131 — Diabetes: Eye Exam
c. CMS 134 — Diabetes: Urine Protein Screening
d. CMS 64 — Diabetes: LDL Management

e. CMS 88 — Diabetic Retinopathy: Documentation of Presence or Absence of Macular Edema and
Level of Severity of Retinopathy

f. CMS 68— Documentation of Current Medications in the Medical Record
g. CMS 138 — Preventative Care and Screening: Tobacco Use: Screening and Cessation Intervention

h. CMS 69 — Preventative Care and Screening: BMI Screening and Follow up Plan

7.12. References for Clinical Management of Ischemic
Heart Disease

7.13.

American Diabetes Association. (2013). Sandards of Medical Care in Diabetes—2013. Retrieved from
http://care.diabetes ournal s.org/content/36/Supplement_1/S11.full

U.S. Department of Veterans Affairs. (2014). VA/DaD Clinical Practice Guidelines. Management of Di-
abetes Méllitus. Retrieved from http://www.healthquality.va.gov/

United States Department of Veterans Affairs. (2012). VA/DoD Clinical Practice Guidelines. DM Shared
Decision Making Diabetes Pocket Card. Retrieved from http://www.healthquality.va.gov/guidelines’CD/
diabetes/cpgSDM DM POCK ET Final PRESS022513. pdf

United States Department of Veterans Affairs. VA/DoD Clinical Practice Guidelines. Patient/Fami-
ly/Caregiver Teaching Checklist for Diabetes Education. Retrieved from http://www.healthquality.va.gov/
guidelines/CD/diabetes/DiabetesT eachingChecklist.pdf

United States Department of Veterans Affairs. VA/DoD Clinical Practice Guidelines. Self-care
Siills for Patients with Diabetes. Retrieved from http://www.healthquality.va.gov/guidelinesCD/dia-
betes/DiabetesT eachingFli pChart.pdf

Additional References

Amezcua, Karen. (2011). Leveraging the EHR to Improve Diabetes Care. Retrieved from http:/
www.health.state.mn.us/e-heal th/summit/s201108amezcua. pdf
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Centers for Medicare and Medicaid Services. (2014). Medication Reconciliation. Retrieved
from http://www.healthit.gov/providers-prof essi onal s/achi eve-meani ngf ul -use/menu-measures/medica-
tion-reconciliation

Free  Printable Medicd Forms. New Patient Sheet. Retrieved  from http://
www.freeprintabl emedical forms.com/preview/New Patient_Sheet

Free Printable Medica Forms. Blood Sugar Tracker. Retrieved from  http:/
www.freeprintablemedical forms.com/preview/Blood Sugar Tracker

Free Printable Medical Forms. Heath Risk Assessment Form. Retrieved from http://
www.freeprintablemedicalforms.com/category/records

Georgetown University Medica Clinic. (2015). Initial Clinical History and Physical Form. Retrieved
from http://georgetownmedical.com/util/documents/hx-physi cal -form. pdf

Healthcare Express— Urgent Care and Occupational Medicine. Physical Evaluation. Retrieved from http://
healthcareexpress.us/downloads/physical_evaluation_form.pdf

Joint  Commission.  (2006).  Sentinel Event Alert, Issue 35 Using Medica
tion Reconciliation to Prevent Errors. Retrieved from http://www.jointcommission.org/
sentinel_event alert_issue 35 using_medication_reconciliation to_prevent_errors/

Mayo Clinic. (2013). Referral to Mayo Clinic. Retrieved from http://www.mayo.edu/pmts/mc0600-
mc0699/mc0688-04. pdf

Observational Medical Outcomes Partnership (OMOP). (2014). OMOP standard vocabulary specifica-
tion. Washington, DC: Innovation in Medical Evidence Development and Surveillance, The Reagan-Udall
Foundation for the Food and Drug Administration. Retrieved from http://omop.org/V ocabul aries

Providence St. Peter Family Medicine and Robert Wood Johnson Foundation. Diabetes Provider
Visit Form. Retrieved from http://www.diabetesinitiative.org/resources/tools'documents/45-PROV -
ProviderSOAPform_web.pdf

Robert Wood Johnson Foundation. (2009). Diabetes Initiative. Diabetes Clinical Form. Retrieved from
http://www.diabetesiniti ative.org/resources/tool sy“documents/3-MAIC-Clinicalform_resources web.pdf

United States Department of Veterans Affairs. (2011). Medication Reconciliation. Retrieved from http://
www.va.gov/vhapublications/ViewPublication.asp?pub_|D=2390

United States Department of Veterans Affairs. (2014). VA/DoD Clinical Practice Guidelines.
Screening and Management of Overweight and Obesity Pocket Card. Retrieved from http://
www.healthquality.va.gov/guidelines/ CD/obesity/\V ADoD OBECPGPocketCardFINAL 070314. pdf

8. Referral to Podiatry for newly diagnosed pa-
tient with diabetes mellitus type 2

This patient is also new to the podiatry practice. DM 3

8.1. Introduction

1. Thisusecasewascreated to evaluatethe ontol ogy created by the VistA Evolution GUI Research project.
It includes common assessments, observations, interventions, and cognitive goal sthat arisewhile caring
for apatient in this scenario to ensure that the ontology can accommodate these concepts.
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2. All clinical datain this use case is synthetic. Data was created to support the flow of this use case and
provide examples of clinical observations that are documented throughout the interaction.

3. Clinical decision making in this use case is based, primarily, on VA/DoD Clinica Prac-
tice Guidelines for the Management of Diabetes Mellitus in Primary Care, available at: http://
www.healthquality.va.gov/quidelines/CD/diabetes/

4. Additiona clinical resources are listed below in the Reference section.

5. Cognitive goals are included in some ‘Actions to provide insight on the Provider or healthcare
professional’ s mental process at that point of the encounter.

6. Hyperlinks present in the Appendix column are included to provide examples of the data fields and
values that may be entered by the EHR user during this step of the use case.

7. Hyperlinks present in the Standards column suggest standardized terminologies that may be used to
capture datain this step of the use case.

8.2. Actors

Patient: aperson receiving or registered to receive medical treatment

Provider: Physician, physician assistant (PA), or nurse practitioner (NP). These skilled health-care pro-
fessionals are trained and licensed to diagnose and treat patients within their defined scope of practice.

Office Clerk (OC): an administrative assistant that manages appointment schedules for the physiciansin
the practice and handles insurance coverage intake and receipt of co-pays for office visits.

8.3. Description

New patient presentsto podiatry practice for aninitial diabetic foot exam (patient is newly diagnosed with
DM type 2, with amild ingrown toenail)

Note: Thisreferral results from the DM 1 use case.

8.4. Trigger

1. Patient arrivesto podiatry practice office for a scheduled diabetic foot exam

2. Minimum demographic data was collected from patient over-the-phone for pre-arrival insurance/eligi-
bility verification

3. Referral was received from primary care provider (for diabetic foot care, podiatrist)

8.5. Preconditions

1. The patient brings a copy of their most recent lab work drawn from primary care outpatient visit:
a. Fasting—chem?7 (blood):
i. sodium (NA)=137 mEg/L

ii. potassium (K)=3.7 mEg/L
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iii. blood urea nitrogen (BUN)=12 mg/dL
iv. creatinine (Cr)=0.7 mg/dL

v. glucose=134

. Fasting—glycated hemoglobin (HbA1c)=6.6
. Lipids
. Fasting—glycated hemoglobin (HbA1c)=7.5

. Fasting—lipid panel:

i. total cholesterol=185 mg/dL
ii. triglycerides=150 mg/dL
iii. high-density lipoproteins (HDL)=60 mg/dL

iv. low-density lipoproteins (LDL)=125 mg/dL

f. micro-albumin (urine)=22 mg

8.6. Postconditions

Minimal guarantees:
1. Datafields required to support this clinical workflow will be present in the EHR
2. Dataentered will be stored utilizing the appropriate clinical vocabulary

Success guarantees:

1. EHR supports patient-centered care, guided by goals set by the patient.

8.7. Assumptions

a. The patient portal can sync with the EHR and populate required fieldsin the EHR

b. The patient portal enforces mandatory fields to ensure that all required datais captured

c. The patient enters al relevant and required information
2. EHR can manage the transition of OC to provider (e.g., move from one work list to another)

3. EHR has computerized physician order entry functionality

2. Patient receives evidence-based care based on the health concerns that are noted during the outpatient
visit

3. Patient will achieve improved outcomes and satisfaction as a result of care facilitated by EHR func-
tionality

1. Thepractice utilizes patient portal tabletsin their officeto capture patient demographic, PMH, CC info,
etc.
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4. EHR isableto receive referral request as entered by provider

5. Standard vocabularies utilized by the organization include: ICD10 for Diagnosis, RxNorm for medi-
cations, SNOMED-CT for clinical assessments, care that is provided and lab results, and LOINC for
laboratory tests.

8.8. Normal Flow

Step |Component Narrative
1 Action Patient checksin at front desk of medical office
Cognitive Goal:
Actor(s) oC
Patient
Action OC marks the patient as present in the scheduling system
Breakdown
Technology Scheduling system (data entry)
Standard
Appendix
2 Action OC provides the patient with an electronic tablet to finish new patient
information (e.g. demographic info, PMH, etc.)
Cognitive Goal:
Actor(s) ocC
Patient
Action Patient enters the following information in to the system:
Breakdown
a. Validates demographic information
b. Validatesinsurance: Tricare, member #: xxx-xX, €tc.
¢. PMH: melanoma on nose 2007, appendectomy 1990
d. Allergies: Penicillin (hives)
e. Current medications: none
f. Smoker: No
g. Alcohol Use: No
h. Reason for visit: Initial diabetic foot exam (ingrown toenail noted by
primary care physician)
Technology EHR Patient Portal (Data entry)
Standard
Appendix New Patient Sheet [ https://www.freeprintablemedi calforms.com/
download.php?

file=TmV3X1BhdGIIbnRfU2hIZX QucGRMLDEOOTY 3M DMXNDUSZmNIN

GZKZjgzY TY5Y

%3D]
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Step |Component Narrative
Adult Health History [http://georgetownmedical.com/util/documents/hx-
physical-form.pdf]
3 Action OC accepts tablet back from patient, syncs it with the EHR, and completes
registration process
Cognitive Goal:
Actor(s) ocC
Action a. Validatesthat al required fields are populated and house relevant data
Breakdown
b. Enters demographic information in to EHR using standard vocabulary
c. Registration to EHR: flagged ‘ready for provider’
Technology Registration system (data transfer and validation)
Standard a. Address [http://pe.usps.gov/cpim/ftp/pubs/Pub28/pub28.pdf]
b. Sex [http://phinvads.cdc.gov/vads/ViewV aueSet.action?
010=2.16.840.1.114222.4.11.1038]
c¢. Ethnicity [http://www.whitehouse.gov/omb/fedreg 1997standards]
d. Race [http://www.cdc.gov/minorityheal th/popul ationsyREM P/
definitions.html]
Appendix
4 Action Podiatrist reviewsinformation provided by the patient viathe portal, 1ab results
presented to the OC and in the system, the referral sent by the primary care
physician, and then searchesthe EHR system for other health care occurrences
Cognitive Goal: |Formulate priorities for this encounter (i.e. document thorough baseline
assessment and educate patient on indicated foot care regimen for diabetic
patients). Determine if there are gaps in information or areas of concern to
address. Evaluate severity of ingrown toenail noted in primary care notes.
Actor(s) Provider
Action a. Provider queriesthe system by patient name and isableto view dataentered
Breakdown during the patient’ s recent Primary Care visit.
b. Provider isaso ableto view lab results from recent blood draw.
Technology EHR (Query and visualization)
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. LOINC [http://search.loinc.org/search.zul ?query=BMI]
c. I1CD-10 [http://www.icd10data.com/]
Appendix
5 Action OC cdlls patient in to examination room
Cognitive Goal:
Actor(s) ocC
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Step |Component Narrative
Patient
Action Patient is placed in room (in EHR)
Breakdown
Technology EHR (Data entry)
Standard
Appendix
6 Action OC enters room with patient and takes Vital signs (VS) and enters VSin to
the EHR
Cognitive Goal:
Actor(s) ocC
Patient
Action height=72"
Breakdown
weight=235 |bs
***BM|=31
heart rate= 82 bpm
respirations= 18 /min
blood pressure= 128/78 mmHg
temperature=97.9F
Technology EHR (Data entry)
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. LOINC [http://search.loinc.org/search.zul query=BMI]
Appendix
7 Action Podiatrist enters exam room and discusses the reason for the patient’s visit/
chief complaint (CC) and updates the medical history
Cognitive Goal: |Clarify reason for visit and capture accurate PMH
Actor(s) Provider
Patient
Action Patient reports that they are “there to have a foot exam because of the new
Breakdown diabetes diagnosis.”
a Reviews and validates reason for visit—diabetic foot exam
b. Reviews and updates medical history
c. Entersrelevant existing history to the Active Problem List
Technology EHR (Visualization of Health History and Data entry)
Standard a. SNOMED-CT [http://browser.ihtsdotool s.org/]

b. ICD-10 [http://www.icd10data.com/]
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Step |Component Narrative
Appendix
8 Action Podiatrist discusses lab results brought by the patient that were drawn by
primary care provider (al results are within normal limits except fasting
glucose = 110, HbA 1c = 7.2%)
Cognitive Goal: |Evaluate severity of condition and patient's per spective on their disease.
Actor(s) Provider
Patient
Action Patient states, “The other doctor explained that my blood sugar was high on
Breakdown more than two occurrences, and | have been diagnosed with diabetes. He said
that my feet and eyes are at higher risk for issues, so | decided to take the
referral and come seeyou. | feel fine though. | haven't had any problems with
my feet, except for thistoenail that isalittleingrown.”
Technology EHR (Visualization of lab results)
Standard a. LOINC [http://search.loinc.org/search.zul 2query=BMI]
Appendix
9 Action Podiatrist asks patient to remove socks and shoes
Cognitive Goal:
Actor(s) Provider
Patient
Action
Breakdown
Technology
Standard
Appendix
10 Action Podiatrist performs a comprehensive foot exam and documents findings in
EHR
Cognitive Goal: | Assess condition of patient's feet. Determine observations outside of normal
limits. Identify areas of concern (i.e. ingrown toenail), and begin for formulate
potential interventions.
Actor(s) Provider
Patient
Action Provider performsfoot risk assessment, wound assessment, and physical exam
Breakdown of both feet, then documents the resuilts.

1. Skin: integrity intact (skin warm, good turgor, skin dry, color normal
(except for skin on right medial big toe along toenail, which is dightly red)

2. Nails: normal color, thickness, and intact

3. Pedal pulses + (posterior tibial, dorsalis pedis, right/l eft)

4. Monofilament test: + on five areas, right/left)
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Step |Component Narrative

5. Wound assessment: Medial portion of right big toe (approx. 5 mm x 5mm)
at top of toenail is dightly red. No breakdown. No sign of infection.

6. Foot risk assessment (low risk)

***NOTE: Visual, sensory and pulse exams meet care measured in CMS 123

(a Meaningful Use diabetes foot care measure)

Technology EHR (Data entry)
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]

b. ICD-10 [http://www.icd10data.com/]

Appendix Annual Comprehensive Diabetes Foot Exam Form

VA Clinical Practice Guidelines for M anagement

of DM [http://www.healthquality.va.gov/guidelines/CD/diabetes/

DM2010_FUL-v4e.pdf], Algorithm F (Foot Screening)

11 Action Podiatrist discussesfindings and health concerns noted during the examination
Cognitive Goal: |Evaluate patient understanding and engagement following discussion of
clinical findings.
Actor(s) Provider
Patient
Action a. Patient is obese based on BMI. Increased BMI contributes to diagnosis of
Breakdown diabetes.

b. Diabetic foot exam yielded thefollowing results: feet in good health, except
for mild ingrown toenail on right great toe. Ingrown toenail can be removed
during this visit.

Technology EHR (Data entry on Problem List)
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]

b. ICD-10 [http://www.icd10data.com/]

Appendix Standards of Medical Care in Diabetes [http://care.diabetesjournals.org/
content/36/Supplement_1/S11.full]

12 Action Patient and podiatrist discuss the patient’s goals based on these physical

findings and recommendations

Cognitive Goal: |Understand patient perspective and goals. Begin to formulate a personalized
plan of care for the patient.

Actor(s) Provider
Patient

Action a. Patient states that he wants to lose weight, since that will reduce insurance

Breakdown premiums and help with the diabetes

b. Patient indicates that he wants to take care of his feet so he does not have
any issues and agrees to removal of ingrown toenail.
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Step |Component Narrative
¢. Provider and patient discuss recommended foot care for diabetic patients
Technology EHR (Dataentry of Patient Goals and priorities)
Standard
Appendix Shared Decision Making Resource [http://www.healthquality.va.gov/
guidelines/CD/diabetes/cpgSDM DM POCK ETFinal PRESS022513. pdf]
13 Action Provider removes ingrown toenail
Cognitive Goal:
Actor(s) Provider
Patient
Action Provider removesingrown toenail without complications. No infection noted.
Breakdown Skin intact, with dlight inflammation.
Technology EHR (Data entry of procedure and assessment)
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. ICD-10 [http://www.icd10data.com/]
Appendix
14 Action Provider educates patient on diabetic foot care and care for ingrown toenail
Cognitive Goal: |Evaluate patient understanding and level of commitment following discussion
of agreed upon interventions.
Actor(s) Provider
Patient
Action Patient education:
Breakdown

a. Keep feet clean and moisturized (do not place Iotion in between toes)

b. Keep feet covered with cotton or wool socks

¢. Wear enclosed shoes that fit properly (while awake)—no bare feet

d. Referred to local shoe cobbler that speciaizesin diabetic feet

e. Inspect feet daily (recommended prior to bed when moisturizing)

f. Monitor right great toe for signs and symptoms of infection [http:/
www.aaf p.org/af p/2009/0215/p303.html]. Notify MD immediately if any
signs are present.

g. Notify MD if redness of right great toe worsens or does not improve over
the next 3 days.

Technology EHR (Data entry of Education)
Standard a SNOMED-CT [http://browser.ihtsdotools.org/]
Appendix VA Clinical Guidelines for Obesity [http://www.healthquality.va.gov/

guidelines’CD/obesity/\V ADoDOBECPGPocketCardFINAL 070314, pf]
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Step

Component

Narrative

DM _Teaching Checklist [http://www.healthquality.va.gov/guidelines’CD/
diabetes/DiabetesT eachingChecklist.pdf]

15

Action

Provider develops a care plan with the patient (based on their stated goals),
then closes the OV by having the patient do a“return demonstration” of their
next steps in the management of their health. This includes time frames for
completion of each event.

An dfter visit summary [http://www.cms.gov/Regulations-and-Guidance/
L egislation/EHRIncentivePrograms/downloads/13_Clinical_Summaries.pdf]
(AVS) is provided

Cognitive Goal:

Evaluate patient understanding of the plan of care, along with their level of
commitment. Determine if the patient would benefit from additional support
mechanisms.

Actor(s)

Provider

Patient

Action
Breakdown

Care Plan Activities / Targeted Completion

a. Place into action learnings from provider/patient education (#12) /
Immediately

b. Maintain follow-up appointment with primary care provider / 3 months
¢. Annual podiatry OV (diabetic foot exam) / 1 year

d. Referral: shoe cobbler (specializing in diabetic feet) for appropriate shoe
size and types of shoes by physician/ Immediately

e. Make appointment with shoe cobbler / 2 weeks

f. Maintain weight loss goals as outlined by primary care physician (10 Ibs
over the next 3 months) / 3 months

g. Attend exercise class 3x/week and walk 4x/week / Immediately

h. Monitor right great toe inflammation and for signs and symptoms of
infection. Call MD with any concerns / Immediately and daily for next 2
weeks

i. Provider will send consult note outlining findings and the plan of care to
the referring Provider / Within 24 hours

Note: Graphic User Interface (GUI) would allow user to populate atarget date
for each activity (i.e. Immediately = 1.10.15), along with a ‘ Completed’ date
when the activity is completed/closed. GUI will also allow provider to view
progress towards Activity completion, if the activity spans a period of time.

Note: Patient understands that they are responsible for making appointments
for all referrals, follow up visits, and lab work.

Technology

Standard
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Step |Component Narrative

Appendix

8.9. Data fields required

See appendix references as examples/guides

8.10. Notes and Issues

Entries that include *** indicate compliance with aMeaningful Use clinical quality measure

8.11. References for Clinical Management of Diabetes

8.12.

American Diabetes Association. (2013). Sandards of medical care in diabetes—2013. Retrieved from
http://care.diabetes ournal s.org/content/36/Supplement_1/S11.full

National Diabetic Education Program. (2000). Feet can last a lifetime: A health care provider’s guide to
preventing diabetes foot problems. Retrieved from http://ndep.nih.gov/media/feet _hcguide.pdf

Providence St. Peter Family Medicine and Robert Wood Johnson Foundation. Diabetes Provider
Visit Form. Retrieved from http://www.diabetesinitiative.org/resources/tools/documents/45-PROV -
ProviderSOAPform_web.pdf

Robert Wood Johnson Foundation. (2009). Diabetes Initiative. Diabetes Clinical Form. Retrieved from
http://www.diabetesiniti ative.org/resources/tools/documents/3-MAIC-Clinicalform_resources web.pdf

United States Department of Veterans Affairs. (2012). VA/DoD Clinical Practice Guidelines. DM Shared
Decision Making Diabetes Pocket Card. Retrieved from http://www.healthquality.va.gov/guidelines/CD/
diabetes/cpgSDM DM POCK ET Final PRESS022513. pdf

United States Department of Veterans Affairs. VA/DoD Clinical Practice Guidelines. Patient/Fami-
ly/Caregiver Teaching Checklist for Diabetes Education. Retrieved from http://www.healthquality.va.gov/
guidelines/CD/diabetes/DiabetesT eachingChecklist.pdf

United States Department of Veterans Affairs. VA/DoD Clinical Practice Guidelines. Self-care
Siills for Patients with Diabetes. Retrieved from http://www.healthquality.va.gov/guidelinesCD/dia-
betes/DiabetesT eachingFli pChart.pdf

United States Department of Veterans Affairs. (2014) VA/DoD Clinical Practice Guidelines. Management
of Diabetes Méllitus. Retrieved from http://www.healthquality.va.gov/guidelines/CD/diabetes/

Additional References

Amezcua, Karen. (2011). Leveraging the EHR to Improve Diabetes Care. Retrieved from http:/
www.health.state.mn.us/e-heal th/summit/s201108amezcua. pdf

Free  Printable Medicd Forms. New Patient Shest. Retrieved  from http://
www.freeprintablemedicalforms.com/preview/New_Patient Sheet

Georgetown University Medical Clinic. (2015). Initial Clinical History and Physical Form. Retrieved
from http://georgetownmedical.com/util/documents/hx-physi cal -form. pdf

Mayo Clinic. (2013). Referral to Mayo Clinic. Retrieved from http://www.mayo.edu/pmts/mc0600-
mc0699/mc0688-04.pdf
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Observational Medical Outcomes Partnership (OMOP). (2014). OMOP standard vocabulary specifica-
tion. Washington, DC: Innovation in Medical Evidence Development and Surveillance, The Reagan-Udall
Foundation for the Food and Drug Administration. Retrieved from http://omop.org/V ocabul aries

United States Department of Veterans Affairs. (2014). VA/DoD Clinical Practice Guidelines.
Screening and Management of Overweight and Obesity Pocket Card. Retrieved from http:/
www.healthquality.va.gov/guidelines/CD/obesity/V ADoDOBECPGPocketCardFINA L 070314. pdf

9. Diabetes Care Coordinator Telephone Fol-
low-Up

DM 4

9.1. Introduction

1

Thisuse casewas created to eval uate the ontology created by the VistA Evolution GUI Research project.
It includes common assessments, observations, interventions, and cognitive goal sthat arisewhile caring
for apatient in this scenario to ensure that the ontology can accommodate these concepts.

. All clinical datain thisuse caseis synthetic. Data was created to support the flow of this use case and

provide examples of clinical observations that are documented throughout the interaction.

. Clinical decision making in this use case is based, primarily, on VA/DoD Clinica Prac-

tice Guidelines for the Management of Diabetes Mellitus in Primary Care, available at: http:/
www.healthquality.va.gov/guidelines/CD/diabetes/

. Additional clinical resources are listed below.in the Reference section.

. Cognitive goals are included in some ‘Actions to provide insight on the Provider or healthcare

professional’ s mental process at that point of the encounter.

. Hyperlinks present in the Appendix column are included to provide examples of the data fields and

values that may be entered by the EHR user during this step of the use case.

. Hyperlinks present in the Standards column suggest standardized terminologies that may be used to

capture data in this step of the use case.

9.2. Actors

Patient: aperson receiving or registered to receive medical treatment

Patient Care Coordinator (PCC): a professional (usually registered nurse or social worker) within the
medical care team that works with patients and medical professionalsto remove barriers and reach health
care goals.

9.3. Description

A 30-day follow-up telephone call from the care coordinator to review the status of each of the care plan
action items (managing treatment for diabetes mellitus type 2) identified/discussed during the previous
primary care provider (PCP) office visit (OV).

9.4. Trigger

1.

Patient had a previous primary care office visit for treatment of diabetes mellitus (T-30 days)
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2.

Minimum identification reviewed on the phone call to ensure protection of PHI.

9.5. Preconditions

PCP Care Plan Activities (previous office visit) / Targeted Completion

a. Fasting labwork inam./ 1 day

b.
C.

d.

g.
h.

Make appt. w/ weight loss program and diabetic educator within next week / 1 week
Lose 10 Ibs. within next 3 months/ 90 days
Attend exercise class 3 x/week and walk 4 x/week / Immediately

Attend 1 DM group therapy session per month / Immediately

. Make appts. with Podiatrist and Ophthalmologist within next month / 1 month

Keep follow-up appt. with primary care provider / 3 months

Work to achieve my personal goals/ Ongoing

9.6. Postconditions

Minimal guarantees:;

1
2.

Data fields required to support this clinical workflow will be present in the EHR.

Data entered will be stored utilizing the appropriate clinical vocabulary.

Success guarantees:

1
2.

3.

EHR supports patient-centered care, guided by goals set by the patient.

Patient receives evidence-based care based on the health concerns that are noted during the associated
provider visits.

Patient will achieve improved outcomes and satisfaction as a result of care facilitated by EHR func-
tionality.

9.7. Assumptions

1

o U A W N

Patient Care Coordinator that is assigned to assist this patient with the management of their condition
will have an ongoing relationship that spans the continuum of care. The relationship is built on trust,
mutual respect, and a shared vision.

. EHR can manage the documentation Provider to PCC (e.g., move from one work list to another)

. EHR has capability for telephonic office visit (non-prescribing/non-diagnosing provider)

EHR has compatible patient portal (to facilitate information sharing)

. Diabetics on oral hypoglycemic medications are managed by their primary care providers

. Standard vocabularies utilized by the organization include: ICD10 for Diagnosis, RxNorm for medi-

cations, SNOMED-CT for clinical assessments, care that is provided and lab results, and LOINC for
laboratory tests

. The patient portal has capability to send email reminders
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9.8. Normal Flow

Step  |Component Narrative
1 Action Patient receives atelephone call from the PCC
Cognitive Goal:
Actor(s) PCC
Patient
Action PCC appropriately identifies patient (protecting PHI) and asks the patient if
Breakdown now is till a good time for a 20-minute follow-up call (related to the last
primary care visit)
Technology EHR (telephone visit encounter)
Standard
Appendix
2 Action PCClevel setson previoudy identified patient goal sidentified in the outpatient
visit notes/care plan
Noted in “Preconditions’
Cognitive Goal: | Verify patient goals, along with their understanding of the care plan
Actor(s) PCC
Patient
Action PCC level setswith patient about reason for the call—review current status of
Breakdown action items identified/mutually agreed upon goals from the previous primary
careofficevisit (30 daysago) asrelated to managing diabetes. The action items
areavailablevia
a Theafter visit summary (AVS) provided at the end of the previous primary
care office visit
b. The patient portal (where pertinent medical information is available to the
patient)
Technology EHR (Patient Portal)
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. ICD-10 [http://www.icd10data.com/]
c. LOINC
Appendix AV S [http://www.healthit.gov/sites/defaul t/files/avs-tech-guide. pdf]
3 Action PCC confirms that the patient did have labs drawn and reviews labs with
patient
Cognitive Goal: |Determine patient compliance and identify opportunities to reinforce
importance of lab work
Actor(s) PCC
Patient
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Step  |Component Narrative
Action Relevant labs (glucose and HgA1c) are reviewed (EHR and patient portal).
Breakdown PCC provides education on |ab results, where gaps are identified.
Technology EHR (Patient Portal)
Standard a. LOINC
b. SNOMED-CT [http://browser.ihtsdotools.org/]
Appendix
4 Action PCC asks patient about the status of making an appt. with the diabetes educator
Cognitive Goal: |Determine patient compliance and identify ways to facilitate completion of
task.
Actor(s) PCC
Patient
Action a. Provider queries the system within the patient record and does not see
Breakdown a referring report from the diabetes educator (which would indicate an
education OV).
b. Patient notes that work has been busy, and that no time has been available
to make the appointment
c. To prevent ongoing procrastination, the PCC offers to make the
appointment for the patient since the diabetes educator is part of the medical
practice (using the same scheduling system and EHR).
i. The appointment is sent to the patient portal
Technology EHR (Query and visualization)
EHR provider directory
Scheduling System
Patient Portal
Standard a. SNOMED-CT [http://browser.ihtsdotools.org/]
b. ICD-10 [http://www.icd10data.com/]
Appendix
5 Action PCC asks patient about the status of going to aweight loss group
Cognitive Goal: | Determine patient compliance and identify alter native interventions that may
work better for the patient.
Actor(s) PCC
Patient
Action The PCC asks the patient about going to one of the group weight loss sessions
Breakdown (e.g., Weight Watchers). The patient indicates a lack of will and readiness.

The PCC explores the option of seeing a therapist specializing in weight
management and food relationships. The patient agrees to see a therapist.

The PCC submits areferral request to the primary care doctor (since referrals
must be from diagnosing clinicians). In the meantime, the PCC sets up the
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Step  |Component Narrative

therapist appointment, since the therapist is employed by the same health

system using the EHR and central scheduling system.

1. The therapist referral (with associated notes from PCC follow-up phone
cal) is awaiting provider signature. Once signed, the referral will be
available to the therapist’s office (viathe EHR).

2. The therapy appointment is sent to the patient portal .

Technology EHR (Data entry)

EHR provider directory

EHR gueue management

Scheduling System

Patient Portal

Standard

Appendix

6 Action PCC asks patient about exercise

Cognitive Goal: |Determine patient compliance

Actor(s) PCC
Patient

Action Prior to asking, the patient quickly indicated that they have been taking evening

Breakdown walks around the block (a little over 1 mile) every night. The PCC uses
positive reinforcement and encourages the patient to slowly increase activity
astolerated, and reiterates the need to “ switch-up” exercise routines. The PCC
asks the patient if he would like a referral to an exercise physiologist. The
patient indicated that he enjoys walking and maybe later he will go see the

“exercise guru.”

Technology EHR
EHR provider directory

Standard

Appendix

7 Action PCC asks about scheduled podiatrist and ophthalmologist visits

Cognitive Goal: | Determine patient compliance

Actor(s) PCC
Patient

Action Patient confirmed that visits have been scheduled with podiatrist and

Breakdown ophthalmol ogist

Technology EHR (manual data entry since ophthalmologist and podiatrist are outside of
health system EHR)

Standard

Appendix
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Step  |Component Narrative
8 Action PCC reviews with patient next steps
Cognitive Goal: | Evaluate patient understanding, engagement, and buy-in to their plan of care.
Actor(s) PCC
Patient
Action Patient and PCC agreeto compl ete another follow-up call in 2 weeksto review:
Breakdown

1. Therapist session (not details, but that the event occurred)

2. Diabetes educator (not details, but that the event occurred)
3. Determineif referral to exercise physiologist is necessary

4. Podiatry appointment outcome

5. Ophthalmology appointment outcome

6. PCC reviews contact information and asks if there are any unanswered
guestions

7. Patient thanks the PCC for the follow-up phone call

Technology
Standard
Appendix

9.9. Data fields required

See appendix references as examples/guides

9.10. Notes and Issues

References for Clinical Management of Diabetes

American Diabetes Association. (2013). Sandards of medical care in diabetes—2013. Retrieved from
http://care.diabetesj ournals.org/content/36/Supplement_1/S11.full

U.S. Department of Veterans Affairs. VA/DoD Clinical Practice Guidelines (2014). Management of Dia-
betes Méellitus. Retrieved from http://www.hea thquality.va.gov/

9.11. Additional References

Amezcua, Karen. (2011). Leveraging the EHR to Improve Diabetes Care. Retrieved from http:/
www.health.state.mn.us/e-heal th/summit/s201108amezcua. pdf

Observational Medical Outcomes Partnership (OMOP). (2014). OMOP standard vocabulary specifica-
tion. Washington, DC: Innovation in Medical Evidence Development and Surveillance, The Reagan-Udall
Foundation for the Food and Drug Administration. Retrieved from http://omop.org/V ocabul aries
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A. Statement Use Cases

A.1. USE CASE 1: DEPRESSION: FOLLOW-UP
OUTPATIENT VISIT

ACTORS

Patient
Medical Office Assistant

Provider

PRECONDITIONS

This is a 32-year old male with a 6-month history of major depression on Zoloft and receiving group
psychotherapy. Risk assessment scores from the last visit 1 month ago: PHQ-9 (15), PCL (16), AUDIT-C
(0), ASSIST (10) for tobacco only. No suicidal ideation or risk of violence towards others.

PMH: Patient had right above the knee amputation (AKA) 6 months ago and has prosthesis. Denies
substance use of medications. Smokes 2 ppd. Patient does not have atraumatic brain injury (TBI).

Psychosocial: Patient is S/P 2 deployments to Afghanistan, is estranged from family, has no close
friends, lives alone, and is unemployed. His best friend died during their last deployment together, when
the patient was injured. He attends AA meetings daily, is undergoing vocational rehabilitation and has
been seen by a community social service agency.

WORKFLOW

After patient arrives to the clinic and is checked in, he uses a VA tablet to complete risk assessments
and the tablet is synced to the EHR. Patient’ s scores are:

e PHQ-9: 17

e PCL: 15

« AUDIT-C: 0

e ASSIST: 10 for tobacco only

Patient is taken to a room and the MOA asks patient for their chief complaint (CC) and any updates
to their psychosocial and medical history. MOA reviews and validates the reason for visit is a routine
outpatient visit for depression and PTSD management. Patient has no updates to psychosocia history.

MOA validates patient’ s medication history hasnot changed. Patient istaking 1 Zoloft 150 mg p.o. daily.
MOA takes patient’ s vital signs:

* Height = 72"

e Weight =176 Ibs

« BMI =239
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Heart rate = 80 bpm

* Respirations= 18/ min

Blood Pressure = 124/74 mmHg
e Temperature = 98.2F

Provider reviews the patient record prior to entering the room, including seeing that the PHQ score has
increased from 15 from a month ago, to 17 today.

Provider asks the patient how he is feeling, along with his concerns. Patient: “I’'m not very good. I'm
so tired al the time. I'm not sleeping well and | have trouble concentrating. | go to my AA meetings,
but that is about it.” After discussion with the patient, the provider also learns the patient is concerned
about long term living accommodations and won't be able to afford rent beyond the next 4 months.

Provider completes a psychiatric evaluation. Patient’s mental statusis assessed as.

« Appearance: Poorly groomed, patient slouching

» Behavior: Subdued

» State of Consciousness: Alert and oriented x 3

« Attention: Slow to respond, shrugs shoulders in response to some questions

» Speech: Soft, coherent

Provider performs medication reconciliation and validatesthat patient istaking Zoloft 150 mg p.o. daily.
Provider completes a head to toe assessment:

» Head/Neuro: WNL

¢ Heart: S1S2, BP norma

e Lungs: Clear

Abdomen: Soft, benign. No GI/GU issues.

» Extremities: No swelling, pedal pulses strong.

» After discussion about the patient’s worsening depression and the need to adjust treatment to better

manage the patient’ s condition, Provider and patient agree upon the following changes to the care reg-
imen, which are documented in the Care Plan:

¢ Continue Zoloft 150 mg p.o. daily / Immediately
» Start Venlafaxine 37.5 mg daily x 4 days, then increase to 37.5 mg twice daily / Immediately

e Referral for weekly individual psychotherapy (provider responsibility; 20 sessions;
diagnosis=depression, PTSD; reason=worsening depression) / Now

« Make appointment for weekly individual psychotherapy (patient responsibility) / Immediately
 Continue weekly group psychotherapy / Ongoing
« Referral to Supported Housing Services provided. Patient to follow-up / Immediately
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 Continue Vocational Rehabilitation Training / Ongoing

¢ Follow-up in 2 weeks to evaluate for medication side effects

* Provider discusseswith patient the patient’ s goals to manage his health. The patient states he would like
to complete the Vocational Rehabilitation Training. He feels that he can complete it within 6 months,
if his housing situation is resolved and he won’t be homeless.

BREAKDOWN OF ENCOUNTER INTO CLINICAL STATEMENTS

¢ Requests

1. Medication: 1 Venlafaxine 37.5 mg tablet daily x 4 days, then increase to 37.5 mg twice daily

e Topic: Venlafaxine

¢ Details:

Category/Type: Medication
Strength: 37.5mg

Dosage: 1 tablet
Frequency: Daily

Duration: 4 days

Instructions: After 4 days, increase to-37.5 mg twice daily

2. Referral: Weekly individual psychotherapy, 20 sessions, diagnosis = depression, PTSD,
reason=worsening depression

e Topic: Individual Psychotherapy

* Detals:

» Category/Type: Referral

* Vaue: 20

UOM: Sessions

Indication: Worsening depression, PTSD

3. Referral: Supported Housing Services

e Topic: Supported Housing Services

e Detail:

» Category/Type: Referral

» Action (These need to be split out by topic, result, and details)

1. Height: value = 72; UOM = inches

2. Weight: value = 176; UOM = pounds
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3. BMI: value=23.9; UOM = ???

4. Heart rate: value = 80; UOM = bpm

5. Respirations = value = 18; UOM = minute (is this correct for representing it?)
6. Systolic BP: value = 124; UOM = mmHg

« Where to put details, such as position (e.g., seated, lying down), laterality, preconditions (e.g.,
patient urinated at least 30 minutes before BP taken), etc.?

7. Diastolic BP: value = 74; UOM = mmHg

8. Temperature: value=98.2; UOM = F

9. Appearance: result (coded) = poorly groomed, patient slouching
10.Behavior: result (coded) = subdued

11.State of consciousness: result (coded) = Alert and oriented x 3
12 Attention: result (coded) = Slow to respond, shrugs shoulders in response to some questions
13.Speech: result (coded) = Soft, coherent

14.Head/Neuro exam: result (coded) = WNL

15.Heart exam: values = S1S2, BP normal

16.Lungs exam: value = Clear

17.Abdomen exam: value = Soft, benign. No GI/GU issues.
18.Extremities exam: No swelling, pedal pulses strong.

19.Patient attending weekly group psychotherapy

20.Patient enrolled in Vocationa Rehabilitation Training

21.Goa = Complete Vocational Rehabilitation Training within 6 months, provided his housing situation
isresolved and he won’t be left homeless
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B. Example Statements

B.1. Action Statement Examples

Table B.1. Example

Per for mance Statement

Narrative:

Topic:

Subject of
information:

Statement time:

Systolic blood pressure of 120 mm Hg taken from right brachial artery
while seated and no more than 30 minutes from when the patient last

urinated
Measurement-of Systolic blood pressure

Approach/Access Route: Right brachial artery (technique)

Body Position: Seated (technique)
Subject of record

Act: Circumstance: Timing:
Result: 120 mm Hg
Action Clinical | Topic Result Details
Statement Examples
1. Systolic blood | measurement-of Value: 120 Approach/Access Route: Right
pressure of 120|Systolic blood brachial artery (technique)
Unit: mmHG

mmHg taken from
right brachia
artery while seated
and no more than
30 minutes from
when the patient
last urinated

pressure

Precision: (integer)

Body Position: Seated

(technique)

Activity: Rested for at least 10
minutes (technique)

Prerequisite: Urinated within 30
minutes of BP being taken

2. Patient hassystolic
blood pressure of
122 mmHg while

measurement-of

Systolic
pressure

blood

Value: 122

Unit: mmHG

Approach/Access Route: Right
brachial artery (technique)

emptying bladder,

patient is seated, o . Body Position: Seated
right brachial Precision: (integer) (technique)
artery

3. Patient has systolic| measurement-of Value: 130 Device Used: Adult cuff
blood pressure| Systolic blood (technique)
of 130 mmHg,|pressure Unit: mmHG
while patient o _ Device Used: Automated cuff
is seated, adult Precision: (integer) (technique)
cuff, automated o
cuff, 30 minutes Body Position: Seated
or less  after (technique)
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30 minutes or
less after emptying
bladder, at doctor’s
office

Action Clinical | Topic Result Details
Statement Examples
at patient’s home, Prerequisite: 30 minutes or less
taken by patient after emptying bladder
(Not adetail: At patient’s home
Taken by patient —not adetail, but
instead attribution information)
4. Patient has systolic| measurement-of Value: 125 Device Used: Adult cuff
blood pressure| Systolic blood| (technique)
of 125 mmHg,|pressure Unit: mmHG -
while patient is o _ Body Position: Seated
seated, adult cuff, Precision: (integer) | (technique)

Prerequisite: 30 minutes or less
after emptying bladder

(Not adetail: At doctor’s office —
not adetail, but instead attribution
information)

. Patient has

thromboembolism
history

observation-of
thromboembolism

Value: [0, inf)
Unit: count

Precision: (integer)

. Diabetes Méllitus

present

diagnosis-of
Diabetes Mellitus

Value: [1, inf)
Unit: count

Precision: (integer)

. Diabetes Médlitus

not present

diagnosis-of
Diabetes Méllitus

Value: [0,0]
Unit: count

Precision: (integer)

. Three dot blot

hemorrhages

observation-of Dot
blot hemorrhage

Value: [3,3]
Unit: count

Precision: (integer)

. Dot blot

hemorrhage
present

observation-of Dot
blot hemorrhage

Value: [1, inf)
Unit: count

Precision: (integer)

10.Patient taking one

Acetaminophen
100 mg tablet by
mouth daily as
needed for pain

admini strati on-of
Acetaminophen

Value: [1, inf)
Unit: count

Precision: (integer)

Strength: 100 mg (technique)
Amount: 1 tablet (technique)

Route of Administration: Oral
(technique)
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Action Clinical | Topic Result Details
Statement Examples

Frequency: Daily

Indication: Pain

11.Positive screen for |observation-of fall |Value: [1,1]

fall risk risk
Unit: count
Precision: (integer)
12 Family history | observation-of Value: [0, 1] (Not a detal: Subject of
(mother) of colon|colon cancer Information is Mother)
cancer Unit: count

Precision: (integer)

B.2. Request Statement Examples

Orders Clinical | Topic Result Details
Statement Examples
1. Request for x-ray chest|performance-of Indication: Evauate
to evaluate chest pain|Chest x-ray chest pain
(routine)
Priority: Routine
2. Request for | administration-of Strength: 0.4 mg tablet
administration of | nitroglycerin (technique)
nitroglycerin 0.4 mg _
tablet sub-lingual every Dosage: 1 (technique)
5 minutes as needed for _
chest pain; maximum 3 Frequency: Every 5
tablets (routine) minutes (technique)
Duration: As needed
(technique)
Route of

Administration:  Sub-
lingual (technique)

Indication: Chest pain
Priority: Routine

Constraint: Maximum

3tablets
3. Reguest for prescription | prescribing-of Strength: 50mcg
of Synthroid 50mcg, |Synthroid (technique)
QD, 1 hour before meals
Frequency: QD
(technique)
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Orders Clinical | Topic Result Details
Statement Examples
Instruction: 1 hour
before meals
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C. Statement Queries

C.1. Normalized Querying of Phenomena

This section introduces amodel for normalizing the querying of clinical observations represented as phe-
nomena so that the semantics of various query formulations are more explicit and intuitive, especially
when queriesinclude explicit negation.

C.1.1. A Tri-Valued State of Knowledge: Present, Absent,
and Indeterminate

Theinitial step involves abstracting the possibl e states of aclinical phenomenon asreflected in the medical
record to three mutually exclusive and exhaustive values; Present, Absent, and Indeterminate. Theinformal
definitions of these states are as follows:

Present”: The phenomenon is explicitly documented as present or can be logically inferred to be present
“Absent”: The phenomenon is explicitly documented as absent or can be logically inferred to be absent

“Indeterminate”: The phenomenon is neither “Present” nor “ Absent”

Figure C.1, “The space of value assignmentsin atri-valued approach to representing states of knowledge”
illustrates this set of possible states and their relationships to each other.
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FigureC.1. The space of valueassignmentsin atri-valued appr oach torepresenting
states of knowledge

The implications of this conceptualization include the following logical statements, some of which may
seem counter-intuitive (note that the symbol “#* connotes logical equivalence, i.e. “if and only if”):

Absent ##NOT Present AND NOT Indeterminate (Note: Absent implies NOT Present)
NOT Present # Absent OR Indeterminate (Note: NOT Present does not necessarily imply Absent)
Indeterminate # NOT Present AND NOT Absent (Note: It does not imply “Present OR Absent”)

I’ simportant to notethat, in this conceptualization, Present, Absent, and | ndeterminate reflect the possible
states of knowledge about the clinical phenomenon in aparticular patient, not the states of the phenomenon
itself. For example, Absent does not indicate that the patient is necessarily free of the phenomenon, but
only that the medical record indicates that the patient does not have it. Similarly, Indeterminate does not
indicate that the patient is in some intermediate state between having and not having the phenomenon
or that it is impossible to determine whether the patient has the phenomenon, but rather that, based on
the information in the medical record, it cannot be known whether the patient does or does not have the
phenomenon.

AXIOMS:
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Based on this conceptualization, the three states of knowledge with respect to any phenomenon, ph, are
formally defined via the following axioms, which use the prior definitions of “interval value” and the
“lsWithin()" predicate:

Present(ph) ### ph where IsWithin( ph.value, (0,0] ) = TRUE

Absent(ph) ### ph where Iswithin( ph.value, [0,0] ) = TRUE

Indeterminate(ph) # NOT Present(ph) and NOT Absent(ph)

Present(ph) OR Absent(ph) OR Indeterminate(ph)

NOT ( Present(ph) AND Absent(ph) )

NOT ( Present(ph) AND Indeterminate(ph) )

NOT ( Absent(ph) AND Indeterminate(ph) )

Figure 11.12, “The semantics of interval values assigned to phenomena, as shown through examples.”
shows several examples of how these axioms generate the appropriate value of Present, Absent, or Inde-
terminate for certain phenomena based on how those phenomena are documented in the patient record.
Note that each row in the table represents a distinct state of the patient’s medical record (i.e., they are not

present in the record at the sametime). In fact, the presence of certain of the rowsin the record at the same
time would be inconsistent with the logical model defined above.

Figure C.2. Example assignments of present, absent, and indeter minate based on
variousinterval values

Phenomenon ph m Present/Absent/Indeterminate

Pressure Ulcer(s) [5, 5] Present
Pressure Ulcer(s) (0, 0] Present
Pressure Ulcer(s) [0, 0] Absent
Pressure Ulcer(s) [0, 3] Indeterminate
Nausea (0, o] Present
Nausea [0, 0] Absent
Nausea <no instances> Indeterminate

C.1.2. Assigning Values to Phenomena That Include Re-
fining Attributes

In contemporary models for representing clinical observations, such as SNOMED-CT, OpenEHR, and
CIMI, observation instances can consist of post-coordinated concept expressions, i.e., a general concept
that is further described and refined by a set of associated attribute/value pairs. Collectively, the concept
and its refining attribute/value pairs characterize the distinct phenomenon that was observed. For exam-
ple, Figure C.3, “A sample post-coordinated phenomenon. ” shows such a post-coordinated expression
comprising an observed phenomenon.
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Figure C.3. A sample post-coor dinated phenomenon.

Phenomenon ->
(Is-A) -> 3456 PressureUlcer

(Location) -> Left Leg
(Observation-Date) > 2017-07-18

When such a phenomenon is documented in the medical record and assigned an interval value, per the
model specified in Section Section 11.2.6.2, “Phenomena and Interval Values’, it is essential that the
interval value corresponds to the conceptual entirety of the phenomenon. If interval values are not clearly
assigned to the entirety of documented phenomena at the time the phenomena are captured and stored,
then inconsistent and incorrect interpretations of the data may resullt.

Figure C.4, “The correct assignment of interval values to post-coordinated phenomena. ” illustrates the
correct assignment of interval values to two phenomena, the first of which documents that two pressure
ulcers were present in the patient’s left leg on a specific date, and the second of which documents that
pressure ulcers were absent in the patient’ s right leg on the same date. The presence of both of these phe-
nomenain the patient record at the sametimeisintuitively possible, and is consistent with the axioms of the
mode! in Section Section C.1.1, “A Tri-Vaued State of Knowledge: Present, Absent, and | ndeterminate’

Figure C.4. The correct assignment of interval values to post-coordinated
phenomena.

Phenomenon ->
(Is-A) -> 3456 PressureUlcer
{Locatlon) > Left Leg

(value) -> [2, 2]

i Phenomenon ->

(Is-A) > 3456_PressureUlcer
(Location) -> Right Leg
(Observation-Date) -> 2017-07- 18.

(value) -> [0,0]

Figure C.5, " The incorrect assignment of interval values to post-coordinated phenomena. ” illustrates the
problems that may occur when interval values are erroneously assigned to just a subset of the post-coor-
dinated expressions used to document phenomena. In this case, the interval values are assigned just to the
general concept of a pressure ulcer, omitting the refining attributes from the scope of the assignment. This
results in the representation that the patient both had and did not have pressure ulcers at the same time.
Because the full set of refining attributes were not included in the scope of the interval-value assignment,
an incorrect representation is created that is intuitively non-sensical and violates the axioms of Section
Section C.1.1, “A Tri-Vaued State of Knowledge: Present, Absent, and Indeterminate”. Such representa-
tions can lead to incorrect data-retrieval, data-analysis, and inferencing results if used by automated pro-
cesses later. Thisisunderscored in the discussion of subsumption testing involving phenomenain Section
Section C.2, “Normalized Querying using Subsumption Relationships Among Phenomena’.
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Figure C.5. The incorrect assignment of
phenomena.

interval values to post-coordinated

i Phenomenon ->

! Phenomenon ->

. IsA) > 3456 PressureUlcer
(Location) -> Left Leg
(Observation-Date) -> 2017-07-18

(value) > [2,2]

. Is-A) -> 3456 PressureUlcer
(Location) -> Right Leg
(Observation-Date) > 2017-07-18

(value) -> [0,0]

C.2. Normalized Querying using Subsumption
Relationships Among Phenomena

C.2.1.

Asmentioned in Section Section E.1, “Confusion About Negation: “ Absent” and “Not Present””, ontolo-
gy-based representation models may produce incorrect results when performing subsumption testing over
negated concepts. The root cause of these errors is that negation changes the basic rules of logical sub-
sumption testing and must be explicitly handled as a special case. This section presents a formal model
for handling subsumption over negated concepts when such concepts are represented as phenomena with
assigned interval values.

Theoretical Foundation

The semantics of logical subsumption are based on set membership. The definitions of concepts (or phe-
nomena) describe the characteristics of certain sets or types of instances in the real world. We say that
phenomenon A subsumes phenomenon B if and only if any instance of phenomenon B is necessarily an
instance of phenomenon A. In other words, if set A subsumes set B, the instances of set B are a subset of
the instances of set A. Equivalently, membership in set B implies membership in set A for any instance,
I, which can be represented by the logical statement

1. IF Member-Set-B(i) THEN Member-Set-A (i)

These relationships can be seen graphically in Figure C.6, “ Set-theoretic view of the subsumption rela
tionship. ”. Note that subsumption does not necessarily imply that Set B is a proper subset of Set A — Set
A and Set B could be the same.
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Figure C.6. Set-theoretic view of the subsumption relationship.

Figure C.7, “ An example subsumption hierarchy for post-coordinated phenomenain the clinical domain.
" shows how subsumption relationships can-apply to clinical observations. Specifically, the figure shows
a subsumption hierarchy involving various types of pressure ulcer phenomenain which each parent phe-
nomenon subsumes its child phenomena, given their respective definitions. In set-theoretic terms, any
clinical observation that is an instance of (member-of) a child phenomenon is necessarily an instance of
its parent phenomenon (and, indeed, any ancestors of that parent). For example, we would say that, if a
patient has a stage-4 pressure ulcer in the left leg, then it’s necessarily true that the patient has a pressure
ulcer (of somekind) in theleft leg and also that the patient has a pressure ulcer (somewhere on her body).




Draft

Statement Queries Draft

Figure C.7. An example subsumption hierarchy for post-coordinated phenomena
in the clinical domain.

Phenomenon ->
(Is-A) -> 3456_PressureUlcer

Phenomenon -> Phenomenon ->
(Is-A) -> 3456_PressureUlcer (Is-A) -> 3456_PressureUlcer
(Location) -> Left Leg (Location) -> Right Leg
Phenomenon -> Phenomenon ->
(Is-A) -> 3456_PressureUlcer (Is-A) -> 3456_PressureUlcer
(Location) -> Left Leg (Location) -> Right Leg
(Severity) -> Stage 4 (Severity) -> Stage 2

Per classical logic, statement (1) also implies the contra-positive:

2. IF NOT Member-Set-A(i) THEN NOT Member-Set-B(i)

which makes intuitive sense if one considers that an instance cannot be a member of any subset of set A
if it isnot a member of set A to begin with. In the medical context, it’s clear that a patient who does not
have a pressure ulcer on the right leg cannot have a stage-2 pressure ulcer on theright leg.

Lastly, one should note that statement (1) does NOT imply the following statements:

3. IF Member-Set-A(i) THEN Member-Set-B(i)

4. IF NOT Member-Set-B(i) THEN NOT Member-Set-A(i)

This can be seen clearly by inspection of Figure C.6, “ Set-theoretic view of the subsumption relationship.
”. Note specifically that membership in Set A does not preclude membership in Set B. It just does not

necessarily imply it, i.e., it simply provides no definitive information either way. Similarly, lack of mem-
bership in Set B provides no definitive information as to lack of membership in Set A.

Extending this reasoning to the clinical domain, one can stipulate the inferences shown in Figure C.8,
“Examples of correct subsumption inferences with respect to post-coordinated phenomena.” wheninterval
valuesare assigned to certain of the phenomenain the subsumption hierarchy. Specifically, the documented
presence of apressure ulcer in the left leg necessarily implies the presence of a pressure ulcer somewhere,
but it does not provide definitive information about the presence of a stage-4 pressure ulcer in the left leg
(e.g., it could be stage 3). Similarly, the absence of a pressure ulcer in the right leg necessarily implies
the absence of a stage-2 pressure ulcer in the right leg, but it provides no definitive information about the
absence of a pressure ulcer in general (e.g., there could be onein the left leg).
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Figure C.8. Examples of correct subsumption inferences with respect to post-
coor dinated phenomena.

implies s Phenomenon -> .
Present .~ (Is-A) -> 3456_PressureUlcer )
No Info
: Phenomenon -> Phenomenon -> |
Present (Is-A) -> 3456_PressureUlcer (Is-A) -> 3456_PressureUlcer Absent
(Location) -> Left Leg (Location) -> Right Leg
{ No Info (Value) -> [2,2] (Value) -> [0, 0] | Implies
\ Absent
Phenomenon -> Phenomenon ->
(Is-A) -> 3456_PressureUlcer (Is-A) -> 3456_PressureUlcer
(Location) -> Left Leg (Location) -> Right Leg
(Severity) -> Stage 4 (Severity) -> Stage 2

C.2.2. A Formal Model of Negation with Subsumption Re-
lationships

Using these precepts of classical logic, one can generalizethe set of axiomsintroducedin Section C.1.1, “A
Tri-Valued State of Knowledge: Present, Absent, and Indeterminate” to incorporate subsumption inference
into the determination of whether a specified phenomenon is Present, Absent, or Indeterminate, based on
the state of a patient’s medical record. The axioms below should replace those introduced earlier.

Present(ph) ### ph’ where Is-A(ph’, ph) AND IsWithin(ph'.value, (0,00] ) =TRUE
Absent(ph) ### ph’ where Is-A(ph’, ph’) AND IsWithin(ph'.value, [0,0] ) = TRUE
Indeterminate(ph) ## NOT Present(ph) AND NOT Absent(ph)

Is-A(ph, ph') # IF an instance satisfies all properties of ph, then it necessarily satisfies all properties of
ph’, i.e. ph’ subsumes ph

Present(ph) OR Absent(ph) OR Indeterminate(ph)
NOT ( Present(ph) AND Absent(ph) )

NOT ( Present(ph) AND Indeterminate(ph)

NOT ( Absent(ph) AND Indeterminate(ph) )

Again, for these axioms to hold and be mutually consistent, the scope of any interval value assigned to a
phenomenon must include all of its refining attributes, as described in Section Section C.1.2, “ Assigning
Values to Phenomena That Include Refining Attributes’.

Applying standard logical operators, the axioms above aso imply the following logical statements:
NOT Present(ph) ##NOT (# ph’ where Is-A(ph’, ph) AND IsWithin( ph’.value, (0,0] ) =TRUE)
NOT Absent(ph) #NOT (# ph’ where Is-A(ph, ph’) AND IsWithin( ph’.value, [0,0] ) = TRUE)
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Is-A(ph, ph) (allows degenerate case when present/absent are explicitly documented for a phenomenon)
NOT Present(ph) # Absent(ph) OR Indeterminate(ph)

(Note: NOT Present(ph) does not necessarily imply Absent(ph) )
Absent(ph) #NOT Present(ph) AND NOT Indeterminate(ph)
(Note: Absent(ph) doesimply NOT Present(ph) )
Returning to the original example of negation given in Section Section C.2.5, “Querying with Negation”,
one can now explicitly specify the closed-world assumption or the open-world assumption in the manner
that the query predicate is formulated based on the logical definitions of “Present” and “ Absent”. Specif-
ically, the query may be formulated as
IF EXISTS Phenomenon ph WHERE ph.patient_Id = 9876 AND ph.conceptCode = “3456_PressureUl-
cers’ AND <predicate>
where <predicate> iseither “NOT Present(ph)” (closed-world assumption) or “ Absent(ph)” (open-world
assumption). The ability to formulate the predicate using the higher-level abstractions “Present”, “NOT
Present”, “Absent”, or “NOT Absent” allows data analysts to abstract away from the detailed, technical
use of the Iswithin() predicate in the queries of Section Section C.2.5, “Querying with Negation”. It also
obviates data analysts from understanding and correctly applying the logic of subsumption when negated
phenomenon appear in the medical record. The completetruth tablefor the query above based on anumber
of potential valuesin the patient record are shown in Figure C.9, “ Complete truth table for querying using
interval values and the tri-valued model of knowledge’.
Figure C.9. Complete truth table for querying using interval values and the tri-
valued model of knowledge

[3,3] FALSE FALSE TRUE TRUE

(0,50 FALSE FALSE TRUE TRUE

[0,0] TRUE TRUE FALSE FALSE

[0,5]) TRUE FALSE FALSE TRUE

<no records> TRUE FALSE FALSE TRUE
C.2.3. Practical examples

Two practical examples help to illustrate the applicability and utility of the models presented above. They
represent differing clinical contexts in which the closed-world assumption or the open-world assumption
are appropriate, and can be explicitly made in the formulation of data queries.

Example 1: Medication prescription.

A decision support rule concludes that a patient meets the clinical criteria to be on an antihypertensive,
but must determine whether the patient is already taking such a medication before recommending its pre-
scription. Thelogic is best formulated as

IF NOT Present(prescription for antihypertensive) THEN recommend prescribing an antihypertensive

In this case, the closed-world assumption is appropriate in formulating the query because (a) medication
prescriptionsarelikely to be documented in the medical record and (b) the explicit absence of amedication
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C.24.

prescription is not likely to be explicitly document (otherwise, all of the medications that a patient were
not taking would need to be documented).

Note also that, were a prescription for aspecific antihypertensive agent, such as“ Captopril” explicitly doc-
umented in the patient record, the axioms presented in Section Section C.2.2, “ A Formal Model of Negation
with Subsumption Relationships’ would correctly infer that the predicate “NOT Present(prescription for
antihypertensive)” was false, because |s-A(prescription for Captopril, prescription for antihypertensive).

Example 2: Drug allergy.

A different decision support rule concludes that a patient meets the clinical criteriato be prescribed peni-
cillin, but must determine whether the patient is alergic to that drug before recommending such a pre-
scription. Here, the logic is best formulated as

IF Absent(allergy to penicillin) THEN recommend prescribing a penicillin

In this case, the open-world assumption is more appropriate because (a) it’ simportant to be certain that no
allergy exists, and (b) the presence of allergiesislikely to be explicitly documented in the medical record.
Note also the following implications of formulating the query in this way:

» The explicit assignment of the interval value “[0,0]” to the phenomenon “Allergy to adrug” (i.e., the
documentation of “NKDA”) in the medical record will result in the predicate “ Absent(allergy to peni-
cillin)” evaluating to true per the axioms presented in Section Section C.2.2, “A Formal Model of Nega-
tion with Subsumption Relationships’ (because Is-A(penicillin,drug) ). Thisisthe desired behavior.

» Theexplicit assignment of theinterval value“(0,#]" to the phenomenon “Allergy to Amoxicillin” (i.e.,
the documentation of an allergy to Amoxicillin) in the medical record will result in the predicate
“Absent(allergy to penicillin)” evaluating to false per the axioms presented in Section Section C.2.2, “A
Formal Model of Negation with Subsumption Relationships” (because Is-A(Amoxicillin, penicillin) ).
Again, thisisthe desired behavior.

« If no phenomenarelated to drug allergies are documented in the medical record at all, the phenomenon
“alergy to penicillin” will be indeterminate per the axioms presented in Section Section C.2.2, “A
Formal Model of Negation with Subsumption Relationships’, which will imply that the predicate
“Absent(allergy to penicillin)” isfalse, again per the axioms. Thisis also the desired behavior.

These examples show that the model specified in this paper for querying with negation worksin a manner
that isclinically appropriate in at least these two important cases.

Basic Querying

The example query in Section 7?2 seeking to determine whether a patient has a pressure ulcer may now
be formulated more simply and consistently (using pseudo-SQL to represent the logic):

IF EXISTS Phenomenon ph WHERE ph.patient_Id = 9876 AND ph.conceptCode = “3456_PressureUl-
cers” AND IsWithin(ph.value, 0,]) = TRUE

Note that, with pressure ulcers represented as Phenomena, the single predicate “ | sWithin(ph.val ue, go,oo])
= TRUE" replaces the two expressions previously required when pressure ulcers could be represented as
either Findings or Observable Entities (“ object.value = “Present” OR object.value > 0"). The user formu-
lating the query can reliably test for pressure ulcers in the patient’s record without concern for how that
clinical observation is represented or what types of values it may have.

Similarly, to determine whether a patient has any test results within a specific numeric range, a similar
formulation may be used, smply substituting the desired numeric reference interval in the IswWithin()
predicate:




Draft Statement Queries Draft
IF EXISTS Phenomenon ph WHERE ph.patient_|d = 9876 AND ph.conceptCode = 2468 SerumPotas-
sium” AND IsWithin( ph.value, [0, 3.7) ) = TRUE
The query above will evaluate to true if the patient 9876 has any serum potassium values < 3.7.

C.2.5. Querying with Negation

Querying for the absence of aclinical phenomenon for a specific patient introduces certain complications
because of variationsin theway that the phenomenon may or may not be represented in the medical record.
For example, if a data-retrieval or data-analysis function needed to determine whether a patient did NOT
have any pressure ulcers, the query could be formulated in at |east two ways.

1. Under the closed-world assumption (CWA), which implies that all information about the state of the
patient is included in the medical record. In this case, the absence of any information in the medical
record supporting the presence of a pressure ulcer would be sufficient evidence that the patient had no
pressure ulcers. The specific formulation of the query under this assumption would be: IF NOT (EX-
ISTS Phenomenon ph WHERE ph.patient_Id = 9876 AND ph.conceptCode = “3456_PressureUlcers’
AND IsWithin(ph.value, (0,00]) = TRUE) (Note that the reference value in the IsWithin() predicate is
“(0#]” inthis case.)

2. Under the open-world assumption (OWA). This assumption implies that not all information about the
patient’s state is included in the medical record, so that the non-existence of some patient state cannot
be assumed based solely on alack of data asserting the presence of that state. In this case, the absence of
some phenomenon can only be inferred if the patient record explicitly asserts such absence, or at |east
uncertainty about its presence. A specific formulation of the query under this assumption would be: IF
EXISTS Phenomenon ph WHERE ph.patient 1d = 9876 AND ph.conceptCode = “3456 PressureUl-
cers’ AND IsWithin(ph.value, 0,00]) <> TRUE An alternative OWA formulation of the query with
dightly different semanticswoufd bé: IF EXISTS Phenomenon ph WHERE ph.patient_Id= 9876 AND
ph.conceptCode = “3456_PressureUlcers’” AND IswWithin(ph.value, [0,0]) = TRUE (Note the different
formulations of the Iswithin() predicates in these queries.)

The semantic distinctions among these query formulations are significant, in that they will generate dif-
ferent query responses for the same patient data in certain cases. Figure 11.12, “ The semantics of interval
values assigned to phenomena, as shown through examples.” shows the Boolean value for each query
given different patient data instances in the medical record. Notably, the query values are different in the
last two cases. Note that in Figure 11.12, “The semantics of interval values assigned to phenomena, as
shown through examples.”, a Boolean value of TRUE indicates that the patient does NOT have pressure
ulcers, whereas a Boolean value of FAL SE indicatesthat the patient DOES have pressure ulcers (since the
queries are testing for the absence of that phenomenon).

Figure C.10. Example truth table of negated querying under closed-world and
open-wor ld assumptions.

Pressure Ulcer Value CWA Query | OWA Query1l | OWA Query 2

[3,3] FALSE FALSE FALSE
(0,00] FALSE FALSE FALSE
[0,0] TRUE TRUE TRUE
[0,5] TRUE TRUE FALSE
<no records> TRUE FALSE FALSE

449



Draft

Statement Queries Draft

The potential variance in query responses depending on how a negation query is formulated and how the
absence of aphenomenon isrepresented in the medical recordisaproblem for health-care applicationsthat
depend on clear and consistent analysis of patient data. If data analysis of clinical observationsis subject
to misinterpretation, then medical applications may reach incorrect conclusions and/or provide incorrect
advice, with adverse patient-safety consequences.

To avoid ambiguity in the representation and analysis of clinical observation data, a better formalized and
more intuitive model for querying is required.
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Insulin dependent diabetes mel-
litus type 1A

Descriptions:
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:
]

Axioms:

Og Insulin dependent diabetes mellitus type 1A
O Necessary set

‘ Type 1 diabetes mellitus
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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:

O Sufficient set

@ Cardiac feature
‘ Cardiovascular measure
‘ Pulse characteristics

@ m—
¥— Role group

I o (# Characterizes) ~ [# Cardiac process]

mdqeo

— Role group

I 0 process output)~ [* Entire cardiac cycle process]

— Role group

I 0¢* property type) ™ ¥ Number rate]

udqo

— Role group

I 0 scale type) " [* Quantitative]

@ m—
WV —

== Role group

I o (# Direct site) ~ [# Systemic arterial structure]

. ___________§ __________§ __________§ |
mdqo

Necessary set
72\

U
Heart rate

Pulse characteristics
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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
Axioms:

Og Administration of medication
O Sufficient set

O Administration of substance

¥— Role group

u (# Direct substance) ~ [# Drug or medicament]

oc* Method) ~ [ Administration - action]

O Necessary set

O Administration of substance
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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:
%]
Axioms:

og Peripheral pulse taking
O Necessary set

@ Examination of cardiovascular structure

@ Examination of limb

O Palpation
O Procedure on artery
‘ Pulse taking

¥— Role group

O (# Method) ~ [# Palpation - action]

0 ¢* procedure site - Direct) " [ structure of artery of exti
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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:
%]
Axioms:

og Measurement of blood pressure at anterior tibial pulse using doppler

O Necessary set

‘ Blood pressure taking

@ Examination of cardiovascular structure

@ Examination of lower limb

O Procedure categorized by device involved
O Procedure on artery

@ Procedure on blood vessel of lower extremity
O Procedure on lower leg

=— Role group

o Method) ~ [*  Examination - action]

0 (# Procedure site - Direct) ~ [# Structure of anterior tibia

o Using device) ~ [* Doppler device]
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O/E - pulse rate

Descriptions:

On examination - pulse rate (finding)
O/E - pulserate
On examination - pulserate

Codes:

UUID: 5aa42d0d-682d-35ad-be48-2ad2542db16e
SCTID: 162986007
Text definition:

O Necessary set

O OIE - specified examination findings
@ Pulse rate finding

— Role group

mdqeo

O (# Finding informer) ~ [# Performer of method)]

= Role group

mdqo

aly Finding method) ~ [* Physical examination]

— Role group

El(# Interprets) [# Pulse rate]

| R L]

— Role group

O (# Interprets) ~ [# Pulse]

@ m—
WV —

=— ROle group

u (# Finding site) ~ [# Structure of cardiovascular system]

. ____________§ N _________§ |
udqo
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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
Text definition:
]
Axioms:

og Measurement of blood pressure using cuff method
O Necessary set
‘ Blood pressure taking
@ —
¥ — Role group

u (# Method) ~ [# Examination - action]

0¢* procedure site) " [* Anatomical or acquired body strut
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Blood pressure taking Descriptions:

Blood pressure taking (procedure)
Blood pressure taking
Codes:
UUID: 215fd598-e21d-3e27-a0a2-8e23b1b36dfc
SCTID: 46973005
Text definition:
]
Axioms:

og Blood pressure taking
O Necessary set
‘ Taking patient vital signs
@ —
¥ — Role group

u (# Method) ~ [# Examination - action]

0¢* procedure site) " [* Anatomical or acquired body strut
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concept

Concept

Relationship

Concept Definition

Pre-coordinated concept

Expression

Post-coordinated Expression

Refinement

Focus Concept

A clinical idea

The concept of a broken femur bone

A clinical ideato which a unique SNOMED Conceptld has been assigned
Fracture of Femur (SNOMED ConceptI D = 71620000)

An association between two Concepts

Fracture of Femur : Finding Site = Bone Structure of Femur

A collection of Relationships that logically defines the meaning of a Concept in
SNOMED

Fracture of Femur : IS-A = Injury of Thigh, Finding Site = Bone Structure of
Femur, Morphology = Fracture

A concept that is pre-defined as a Concept in SNOMED

Fracture of Femur (SNOMED ConceptID = 71620000) : IS-A = Injury of Thigh,
Finding Site = Bone Structure of Femur, Morphology = Fracture

A collection of referencesto one or more Concepts used to express an instance of
aclinical idea(i.e., in aparticular patient)

An expression may.-consist of a single ConceptID or alarge collection of related
Concepts

Fracture of Femur
OR

Fracture of Femur : Finding Site = Structure of Head of Femur : Laterality = L eft,
Morphology = Spiral Fracture

An expression created to represent an instance of aclinical ideathat does not exist
as apre-defined Concept in SNOMED

Fracture of Femur : Finding Site = Structure of Head of Femur : Laterality = Left,
Morphology = Spira Fracture

The further specification or addition of Relationships to a predefined Concept to
express a more specific concept

Pre-defined Concept Fracture of Femur : IS-A = Injury of Thigh, Finding Site =
Bone Structure of Femur, Morphology = Fracture

Refinement Fracture of Femur : Finding Site = Structure of Head of Femur : Lat-
erality = Left, Morphology = Spiral Fracture, Severity = Severe

The core concept that isrefined in a post-coordinated expression

Fracture of Femur (SNOMED ConceptI D = 71620000)
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Subsumption Testing

Equivalence Testing

Predicate Expression

Candidate Expression

IN

Fracture of Femur : Finding Site = Structure of Head of Femur : Laterality = Left,
Morphology = Spiral Fracture, Severity = Severe

Thelogical determination of whether a concept (as represented by an Expression)
is more specific than another concept (also represented by an Expression). If so,
the more specific concept is subsumed by the more general concept, and the more
general concept subsumes the more specific concept.

Fracture of Femur (see Concept Definition above)

SUBSUMES

Fracture : Finding Site = Structure of Head of Femur : Laterality = Left, Morphol-
ogy = Spiral Fracture

(the head of the femur is a part of the femur, and a spira fracture is a kind of
fracture)

Fracture of Femur (see Concept Definition above)
DOES NOT SUBSUME

Fracture : Finding Site = Bone Structure of Shaft of Fibula Morphology = Trans-
verse Fracture

(the shaft of the fibulais not a part of the femur)

Thelogical determination of whether a concept (as represented by an Expression)
is exactly the same as another concept (also represented by an Expression). If so,
the two concepts are equivalent.

Fracture of Femur (see Concept Definition above)

ISEQUIVALENT TO

Traumatic Injury : Finding Site = Bone Structure of Femur Morphology = Fracture
Fracture of Femur (see Concept Definition above)

ISNOT EQUIVALENT TO

Traumatic Injury : Finding Site = Structure of Head of Femur : Laterality = Left,
Morphology = Spira Fracture

(the second concept is more specific than “ Fracture of Femur”; although it is sub-
sumed by it, it is not equivalent to it)

The Expression that is being tested as the more general concept in a subsumption
test. Thisistypically the expression that appearsin a query. Fracture of Femur in
the subsumption tests above.

The Expression that is being tested as the more specific concept in a subsumption
test. Thisistypically the expression that appears in the patient record. The Post-
coordinated Expressions in the subsumption tests above
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Informatics
Architecture

[Agile|Analytic]

SNOMED CT-US extension

SNOMED CT-US-VA exten-
sion

SNOMED CT-US-VA exten-
sion

Node package manager

MSA

Informatics Standards Archi-
tecture ACceleration

KnOwledge Management En-
vironmenT

The underlying architecture - which we call ISAAC - isalogical architecture, not
an implementation. It describes the logical informatics architecture that will be
reflected in the systems architecture of VHA clinical systems. In addition, itisan
integrative architecture, which deliberately builds upon selected, compatible ele-
ments of its underlying componentsto build a coherent system. It builds primarily
upon SNOMED CT, RXNORM, and LOINC by integrating their content and se-
mantics, and normalizing the meansto identify and version components, lexically
search, logically define, semantically retrieve, and collaboratively extend.

Integrated SNOMED CT product, containing the US extension of terminology.

Integrated SNOMED CT product, containing the US extension as well as the ter-
minology from the VA extension.

The Linux Standard Base [https.//en.wikipedia.org/wiki/Linux_Standard_Base]
(LSB) isajoint project by several Linux distributions under the organizational
structure of the Linux Foundation to standardize the software system structure,
including the filesystem hierarchy used in the Linux operating system. The LSB
is based on the POSIX specification, the Single UNIX Specification (SUS), and
several other open standards, but extends them in certain aress.

npm [https://en.wikipedia.org/wiki/Npm_(software)]is the default package man-
ager for the JavaScript runtime environment Node.js.

Microservice architecture [https://smartbear.com/learn/api-design/what-are-mi-
croservicey] is a method of developing software applications as a suite of in-
dependently deployable, small, modular services in which each service runs a
unique process and communicates through awell-defined, lightweight mechanism
to serve a business goal.

A service-oriented architecture [https://en.wikipedia.org/wiki/Ser-
vice-oriented_architecture] (SOA) isastyle of software design where servicesare
provided to the other components by application components, through a commu-
nication protocol over a network. The basic principles of service oriented archi-
tecture are independent of vendors, products and technologies.[1] A serviceisa
discrete unit of functionality that can be accessed remotely and acted upon and
updated independently, such as retrieving a credit card statement online.

The VA ISAAC (InformaticS Architecture ACceleration) effort seeks a holistic
approach to architecture that supports novelty within a rigorous—and vertically
integrated—deployment pipeline that enables knowledge engineers, developers,
testers, build managers, and operations personnel to work together effectively to
deliver assets to the points of care and analysis. This technology stack must sup-
port integrated delivery of iterative revisions of specifications, services, and con-
tent which are today delivered by isolated silo organizations who place the imple-
mentation 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 delivery. ISAAC will promote standards and clarify the interoperability
of terminologies for the workbench and Opentooling framework.

TheVA ISAAC sKnOwledge Management EnvironmenT (KOMET) realizesthe
informatics architecture within a DevOps environment that integrates develop-
ment, testing, publication, and delivery of specifications, content, and servicesin-
to avertically integrated environment that supports continuous delivery.

See Also Informatics Standards Architecture ACceleration.
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Semantic Operability using
SNOMED CT, LOINC, and
RxNorm

Project Information System and
Management Environment

Lightweight Expression of
Granular Objects

Veterans Health Administra-
tion

U.S. Department of Veterans
Affairs

Agency for Hedthcare Re-

search and Quality

American Recovery and Rein-
vestment Act

A single comprehensive terminology structure, populated with normalized con-
tent from SNOMED CT, LOINC and RXNORM terminologies. A single, integrat-
ed terminology will simplify the development and implementation of higher or-
der models. The single terminology model is based on the data structures of the
SNOMED RF2 model, which features comprehensive and consistent version rep-
resentation, modularity of content with defined dependencies between modules,
standardized processes for promoting content from one module to another, and
standardized processes and structures for extending the provided content to meet
system requirements.

See Also Systematized Nomenclature of Medicine: Clinical Terms, Logica Ob-
servation ldentifiers Names and Codes, RxNorm.

Environment to support common functionality required for project management,
workflow, and system integration. For example, issuetracking, artifact versioning,
and so forth.

Lightweight Expression of Granular Objects are reusable standards-based clinical
data objects designed to protect cliniciansfrom complex codes. LEGOs accurately
capture clinical meaning and preserve clinical meaning between systems.

They are looseley based on the IHTSDO Observables Model concept and com-
prised of self-contained units of knowledge, LEGOs transform patient data into
anormalized consumable form. Ultimately, LEGO models can provide afounda-
tion for the large-scale exchange of computer-processible medical information

The Veterans Health Administration is America’s largest integrated health care
system with over 1,700 sites of care, serving 8.76 million Veterans each year.

The US Department of Veterans Affairs provides patient care and federal bene-
fits (financial, education, and so forth) to veterans and their dependents. (http://
www.va.gov/) . There are three major administrative areas: V eterans Benefits Ad-
ministration (VBA), Veterans Health Administration (VHA), and National Ceme-
tery Administration (NCA).

The Agency for Healthcare Research and Quality (AHRQ) (formerly known asthe
Agency for Health Care Policy and Research) is an agency of the Department of
Health and Human Services (HHS) whose mission isto produce evidence to make
health care safer, higher quality, more accessible, equitable, and affordable, and to
work to make surethat the evidenceisunderstood and used. AHRQ's priority areas
of focus are to: * Improve health care quality by accelerating implementation of
patient-centered outcomes research (PCOR). * Make health care safer. * Increase
accessibility by evaluating Affordable Care Act (ACA) coverage expansions. *
Improve health care affordability, efficiency, and cost transparency.

The American Recovery and Reinvestment Act of 2009 (ARRA) (Public Law
111-5), commonly referred to as the Stimulus or The Recovery Act, was an eco-
nomic stimulus package acted in the spring of 2009. While the primary purpose
of ARRA was to stimulate the economy, it included the enactment of the Health
Information Technology for Economic and Clinical Health Act, also known as
the HITECH Act, which among other things codified the Office of the National
Coordinator for Health Information Technology (ONC), and provided for health
information technology investments and incentive payments meant to encourage
the Meaningful Use of EHRs. Thisisimportant to VA as ONC has sponsored the
development of standards which are then named in regulation as being necessary
for Meaningful Use certification.
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Accredited Standards Commit-
tee X12

American Society for Testing
and Materias

Health Insurance Portability
and Accountability Act

Health Information Technolo-
gy for Economic and Clinical
Health Act

See Also Health Information Technology for Economic and Clinical Health Act,
Meaningful Use, Office of the National Coordinator For Health Information Tech-

nology.

The Accredited Standards Committee X12 (ASC X12), is a Standards Develop-
ment Organization (SDO) chartered by the American National Standards I nstitute
(ANSI) in 1979. [Thename "X 12" isa sequentia designator assigned by ANSI at
the time of accreditation]. ASC X 12 develops Electronic Data | nterchange (EDI)
standards for multiple industries. Of interest to the VA is the Insurance industry
standardswhich includes healthcare ligibility and billing standards. These health-
caredigibility and billing standards are widely used, and their use is mandated by
the Health Insurance Portability and Accountability Act of 1996 (HIPAA).

ASTM International, known until 2001 as the American Society for Testing and
Materials (ASTM), is an international standards organization that develops and
publishes voluntary consensus technical standards for a wide range of materials,
products, systems, and services. While ASTM isgenerally not involved in Health-
care IT standards, they developed a Continuity of Care Record (CCR) standard,
which was included in Stage 1 of Meaningful Use.

The Health Insurance Portability and Accountability Act of 1996 (HIPAA) (Pub-
lic Law 104-191) contains two sections, the second of which directly affects the
VA. Titlel protects health insurance coverage for workers and their familieswhen
they change or lose their jobs. Title II, known as the Administrative Simplifica
tion (AS) provisions, requiresthe establishment of national standardsfor electron-
ic health care transactionsand national identifiers for providers, health insurance
plans, and employers. The AS provisions also address the security and privacy of
health data. The standards are meant to improve the efficiency and effectiveness
of the nation's health care system by encouraging the widespread use of electronic
datainterchange in the U.S. health care system. The HIPAA AS provisions man-
date, among other things, the use of ASC X12, HL7, and NCPDP messaging stan-
dards. Note that the HIPAA privacy provisions were strengthened in the ARRA
legidation.

See Also American Recovery and Reinvestment Act.

The Health Information Technology for Economic and Clinical Health Act, ab-
breviated HITECH Act, was enacted under Title X111 of the American Recovery
and Reinvestment Act of 2009. The HITECH Act provides funding to promote
and expand the adoption of health information technology, including the creation
of anationwide network of electronic health records. The HITECH Act set mean-
ingful use of interoperable EHR adoption in the health care system asacritical na-
tional goal and incentivized EHR adoption, and provides incentives for adoption
of MU-certified EHR systems, which later become penalties for non-use of such
systems. The Act officially established the Office of the National Coordinator for
Health Information Technology (ONC), (which already existed under Executive
Order 13335); as well as the The HIT Policy Committee which recommends a
policy framework for the devel opment and adoption of a nationwide health infor-
mation technology infrastructure that permits the electronic exchange and use of
health information; and the HIT Standards Committee which recommends to the
National Coordinator standards, implementation specifications, and certification
criteria. The activities of these organi zations areimportant to VA asthey deal with
the development of standards which are then named in regulation as being neces-
sary for Meaningful Use certification and implemented in the Nationwide Health
Information Network.
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Health Information Technology
Policy Committee

Health I nformation Technology
Standards Committee

Source

Health Information Technology
Standards Panel

Source

International Health Terminol-
ogy Standards Development
Organisation

Logical Observation Identifiers
Names and Codes

Office of the Nationa Coor-
dinator For Health Information
Technology

See Also American Recovery and Reinvestment Act, Health Information Tech-
nology Policy Committee, Health Information Technology Standards Committee,
Meaningful Use, Office of the National Coordinator For Health Information Tech-

nology.

A committee which will make recommendations to the National Coordinator for
Health IT onapolicy framework for the development and adoption of anationwide
health information infrastructure, including standards for the exchange of patient
medical information.

A committee which is charged with making recommendations to the National Co-
ordinator for Health IT on standards, implementation specifications, and certifi-
cation criteriafor the electronic exchange and use of health information.

<bibliomisc>http://www.heal thit.gov/policy-researchers-implementers/heal th-it-
standards-committee</bibliomisc>

A cooperative partnership between the public and private sectors for the purpose
of harmonizing and i ntegrating standardsthat will meet clinical and business needs
for sharing information among organizations and systems.

<bibliomisc>http://www.hitsp.org/</bibliomisc>

The International Health Terminology Standards Development Organisation
(IHTSDO) is an international non-profit standards devel opment organization. Its
mission is to develop, maintain, promote and deliver medical terminology prod-
uctsin order to improve the health in a global scale through the development and
application of appropriately standardized clinical terminologiesin general. In par-
ticular, the IHT SDO maintains and promotes SNOMED CT to ensure safe, precise
and effective exchange of clinical and health related information.

See Also Systematized Nomenclature of Medicine: Clinical Terms.

Logica Observation Identifiers Names and Codes (LOINC) isastandard for iden-
tifying medical laboratory observations. It was developed and is maintained by
the Regenstrief Institute. LOINC was created in response to the demand for an
electronic database for clinical care and management and is publicly available at
no cost. LOINC applies universal code names and identifiers to medical termi-
nology related to electronic health records. The purpose is to assist in the elec-
tronic exchange and gathering of clinical results (such as laboratory tests, clinical
observations, outcomes management and research). LOINC has two main parts:
laboratory LOINC and clinical LOINC. Clinical LOINC contains a subdomain of
Document Ontology which captures types of clinical reports and documents. It
is noted that there is some overlap between LOINC and SNOMED-CT. Recently
LOINC and IHTSDO agreed to harmonize the two standards.

See Also International Health Terminology Standards Devel opment Organisation,
Systematized Nomenclature of Medicine: Clinical Terms.

A resourceto the entire health system to support the adoption of healthinformation
technology and the promotion of a nationwide health information exchange to
improve health care.
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RxNorm

Systematized Nomenclature of
Medicine; Clinical Terms

American Health Information
Management Association

Armed Forces Health Longitu-
dinal Technology Application

Architecture Review Board

(HL7)

Bi-directional Health Informa-
tion Exchange

Clinical Application Coordina-
tor

Compensation and Pension
Record Interchange

Continuity of Care Document

Consolidated Clinica Docu-
ment Architecture

<bibliomisc>http://www.heal thit.gov/newsroom/about-onc</bibliomisc>

RxNorm, produced by the National Library of Medicine, provides normalized
names for clinical drugs and links its names to many of the drug vocabularies
commonly used in pharmacy management and drug interaction software, includ-
ing those of First Databank, Micromedex, Medi Span, Gold Standard, and Multum.
By providing links between these vocabularies, RxNorm can mediate messages
between systems not using the same software and vocabulary.

The Systematized Nomenclature of Medicine: Clinical Terms (SNOMED CT) is
the most comprehensive, multilingual clinical terminology in the world. It is a
vital component for safe and effective communication and reuse of meaningful
health information.

SeeAlso International Health Terminology Standards Devel opment Organisation.

A professional organization for the field of medical record management.

The clinical documentation engine used by DoD Physicians to write their notes,
input orders, document procedures performed and provide the basis of medical
coding information.

The HL7 Architecture Review Board seeks to define a coherent architecture for
HL7 work that defines the relationships among the HL7 work products and how
they relate to other standards and components of local implementations. This ar-
chitecture includes the Business Architecture by which these work products are
produced and managed through their life cycle, the governance that will be enact-
ed on these work products, and the scope of the standardization effort itself.

A series of communications protocols developed by the VA used to exchange
healthcare information between VA healthcare facilities nationwide and between
VA hedthcare facilities and DoD healthcare facilities.

The Clinical Application Coordinator (CAC) asapart of the Resource and Patient
Management System (RPM S)-EHR implementation team provides ongoing oper-
ational support for certain RPM S packages that comprise and/or interface with the
Electronic Health Record.

CAPRI software was designed to promote efficient communications between
VHA and VBA. It offers VBA Rating Veteran Service Representatives and Deci-
sion Review Officers help in building the rating decision documentation through
on-line access to medical data.

An XML-based markup standard/specification intended to specify the encoding,
structure, and semanti cs of apatient summary clinical document for exchange. The
CCD isaconstraint on the HL7 Clinical Document Architecture (CDA) standard
specifying that the content of documents consist of a mandatory textual part for
human interpretation and optional structured parts for software processing.

An ANSI-certified standard from Health Level Seven (HL7), which specifies the
syntax and supplies a framework for specifying the full semantics of a clinical
document. C-CDA defines aclinical document as having six characteristics; Per-
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Critical Care Data Interface

Clinical Care Delivery Support
System

Source

Clinical Context Object Work-
group

Clinical Decision Support
Clinical Element Model

Composite Health Care System

Clinical/Health Data Reposito-
ry

Clinical Information Modeling
Initiative

Computerized Patient Record
System

Clinical Quality Measure

sistence, Stewardship, Potential for Authentication, Context, Wholeness, and Hu-
man Readability.

Interfaces which exchange information between VistA, the VA's computerized
patient record and information system, and GE's QS(R) Critical Care Clinica In-
formation System. These interfaces will enable VA Medical Centers nationwide
to improve efficiency and accuracy by reducing duplicate data entry. In addition,
they will support anational research data repository for patients treated in critical
care and operating room environments.

A system that provides clinicians, staff, patients or other individuals with knowl-
edge and person-specific information, intelligently filtered or presented at appro-
priate times, to enhance health and health care.

<bibliomisc>http://www.heal thit.gov/
policy-researchers-implementers/clinical -decision-support-cds</bibliomisc>

A vendor independent HL 7 standard protocol designed to enable disparate appli-
cations to synchronizein real time at the user-interface level, which allows appli-
cations to present information at the desktop and/or portal level in aunified way.

Provision of pertinent knowledge and person-specific information to clinical deci-
sion makers to enhance health and health care.1 A required component of Mean-
ingful Use. For further detail, review the CDS Content Delivery Roadmap.

A small reusable representation of clinical information that is bound to a termi-
nology system for itsmeaning. The CEM approach and repository of models was
developed by Intermountain Healthcare and is used within their clinical systems.

A module-based medical informatics system designed by Science Applications
International Corporation (SAIC) and used by all DoD health care centers. Mod-
ules include RAD (radiology), LAB (Laboratory), PHR (Pharmacy), PAS (Pa
tient Appointing and Scheduling), MCP (Managed Care Program; used to sup-
port TRICARE enrollees by enrolling them to Primary Care Managers), PAD (Pe-
tient Administration): MRT (Medical Records Tracking), MSA (Medical Service
Accounting) medical billing, WAM (Workload Assignment Module), DTS (Di-
etetics), CLN (CLinical: Nursing, Physician, and Allied Health), DAA (Database
Administration), ADM (Ambulatory Data Module) Medical Coding of outpatient
visits, and TOOLS (FileMan).

The Department of Defense (DoD) and the Department of Veterans Affairs (VA)
in partnership, designed and implemented a Clinical Data Repository/Health Da-
ta Repository (CHDR) system that generates standards-based, computable elec-
tronic health records that can be exchanged and shared between the two agencies
healthcare systems.

An initiative established to improve the interoperability of healthcare information
systems through shared implementable clinical information models

A graphical user interface (GUI) for VistA. http://www.ehealth.va.gov/
EHEALTH/CPRS_Demo.asp

CQMs are tools that help many stakeholders, including CMS and health care
providersthemselves, measure and track the quality of health care services provid-

466



Draft

Terms Glossary Draft

Disability Benefits Question-
naire

Electronic Data I nterchange

Electronic Health Record

Federa Health
Model

Information

Source

Fast Health Information Re-
sources

Source

Health Architecture Interagen-
cy Group

Health Architecture Review
Board

Health Level 7

ed by eligible professionals, eligible hospitals, and CAHs within our health care
system. They measure many aspects of patient care including health outcomes,
clinical processes, patient safety, efficient use of healthcare resources, care coor-
dination, patient engagement, and population and public health.

DBQs are downloadable forms created for Veterans' use in the evaluation process
for disability benefits. DBQswill help speed the processing of Veterans disability
compensation and pension claims. DBQs allow Veterans and Service membersto
have more control over the disability claims process by giving them the option of
visiting a primary care provider in their community, at their expense, instead of
completing an evaluation at a Department of Veterans Affairs (VA) facility. The
streamlined forms use check boxes and standardized language so that the disability
rating can be made accurately and quickly.

The transfer of structured data, by agreed message standards, from one computer
system to another without human intervention. EDI relieson primarily older tech-
nologies and point-to-point messaging.

A systematic collection of electronic health information about individual patients
or populations. See aso Interagency EHR (iEHR)

A coordination of several partner agencies with the development of electronic
medical records, information and terminology standards, including the coordina-
tion of agency efforts at relevant Standards Devel opment Organizations (SDOs).

<bibliomisc>http://www.fhims.org/</bibliomisc>

Fast Healthcare Interoperability Resources (FHIR, pronounced "Fire") defines a
set of "Resources' that represent granular clinical concepts. The resources can be
managed in isolation, or aggregated into complex documents. Technically, FHIR
is designed for the web; the resources are based on simple XML or JSON struc-
tures, with an http-based RESTful protocol where each resource has predictable
URL. Where possible, open internet standards are used for data representation.

<bibliomisc>http://wiki.hl 7.org/index.php?itle=FHIR</bibliomisc>

A component of the VA/DoD IPO structure.

Serves as an advisory working sub-group to the VA/DoD Health Executive Coun-
cil (HEC) that provides architecture oversight and approval due diligencefor joint
DoD/VA health programs to facilitate interagency cooperation and foster collab-
oration on enterprise architecture for interagency Health Information Technology
(HIT) initiatives; activitiesthat were previously the responsibility of the HEC IM/
ITWG.

A non-profit organization involved in the development of international healthcare
informatics interoperability standards. The name "Health Level-7" is a reference
to the seventh layer of the SO OS| Reference model also known asthe application
layer, indicating that HL7 focuses on application layer protocols for the health
care domain, independent of lower layers.
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Health Management Platform

Source

International Classification of
Diseases

Interagency Electronic Health
Record

Intermountain Healthcare
Integrating the Healthcare En-

terprise

Interagency Program Office

Informatics Research and De-
sign Center

Joint Initiative Council

Source

Javascript Object Notation

Knowledge Based Systems
Model Driven Health Tools

Medical Domain Web Services

An IT platform for browser-based, clinical (nurse and physician) user-interface
modules that are healthcare team-driven and enable functionality which decrease
cognitive load, managing relationships between conditions, interventions and ob-
servations, acquire data (including documentation) as a by-product of workflow
and support higher quality, safe patient care and clinician satisfaction.

<bibliomisc>http://www.osehra.org/document/va-heal th-
informatics-initiative-heal th-management-pl atf orm-virtual - patient-record</
bibliomisc>

UN-sponsored WHO standard diagnostic tool for epidemiology, health manage-
ment and clinical purposes.2 The ICD is revised periodically and is currently in
itstenth revision. (ICD-10)

A healthcare IT system currently under development which will integrate the
Health IT resources of both the VA and the DoD to acquire next generation EHR
capabilities for both departments.

A non-profit healthcare system based in Salt Lake City, UT., which isthe largest
healthcare provider in the Intermountain West.

Associated with Patient Care Devices (PCD) and Pulse Oximetry (POI)

IPO will act asasingle point of accountability in the devel opment and implementa-
tion of electronic health records systems or capabilities aswell as accelerating the
exchange of health care information to support the delivery of health care by both
Departments. The IPO will a so have responsibility for oversight and management
of personnel and benefits electronic data sharing between the Departments.

A VA facility and operations base for the Knowledge Based Systems group, |o-
cated in Nashville, TN

Formed to enable common, timely health informatics standards by addressing and
resolving issues of gaps, overlaps, and counterproductive standardization efforts
for international standardization needs.

<bibliomisc>http://www.jointinitiativecouncil .org/</bibliomisc>

A text-based open standard designed for human-readable data interchange, used
primarily to transmit data between a server and web application, serving as an
alternative to XML.

Officethat extends past VA informatics by infusing clinical informatics expertise
into VHA healthcare decision making, strategic planning, and delivery.

An open source tooling project initiated and lead by VHA within the Open Health
Tools (OHT) organization. VA is also one of the founding members of OHT.

A suite of Service Oriented Architecture (SOA) middle-tier web services that ex-
poses medical domain functionality, Medical Domain Objects (MDO). MDWSis
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Meaningful Use

National Council for Prescrip-
tion Drug Programs

National Drug File - Reference
Terminology

National Information Exchange
Model

National Library of Medicine

Notices of Proposed Rule Mak-
ing

Office of Information and Ana-
Iytics

Source

equipped with the capacity to virtualize any legacy Veterans Health Information
Systems and Technology Architecture (VistA) Remote Procedure Call (RPC) asa
web service. A web serviceisan Application Programming Interface (API), which
uses Simple Object Access Protocol (SOAP), the standardized protocol to com-
municate with subscribed client applications. http://osehra.org/group/mdws The
MDWS Group at OSEHRA isintended to coordinate the further development and
maintenance of MDWS as an Open Source project.

An incentive-based program to be rolled out in 3 planned stages over the period of
approximately 2010 through 2016, which isdesigned toinsurethat providers show
the use of certified EHR technology in ways that can be measured significantly in
quality and quantity. The three core MU requirementsfor acertified EHR are: use
in a meaningful manner, such as e-prescribing; the electronic exchange of health
information to improve quality of health care; and utilization in submitting clinica
quality and other measures.

A not-for-profit, ANSI-accredited, standards devel opment organization represent-
ing most sectors of the pharmacy services industry. The membership provides
healthcare business sol utions through education and standards focused on improv-
ing communication within the pharmacy industry.

The National Drug File - Reference Terminology (NDF-RT) is produced by the
U.S. Department of Veterans Affairs, Veterans Health Administration (VHA).
NDF-RT is an extension of the VHA National Drug File (NDF). It organizes the
drug list into aformal representation. NDF-RT is used for modeling drug charac-
teristics including ingredients, chemical structure, dose form, physiologic effect,
mechanism of action, pharmacokinetics, and related diseases.

An XML-based information exchange framework representing a collaborative
partnership of agencies and organizations across all levels of the U.S. government
(federal, state, tribal, and local), as well as private industry. NIEM is designed
to develop, disseminate, and support enterprise-wide information exchange stan-
dards and processes to enable automated information sharing.

A division of the National Institutes of Health (NIH), representing the world's
largest medical library. The NLM includes more than seven million books, jour-
nals, technical reports, manuscripts, microfilms, photographs and images on
medicine and related sciences including some of the world's oldest and rarest
works.

A notice of proposed rule making (NPRM) is a public notice issued by law when
one of the independent agencies of the United States government wishes to add,
remove, or change arule or regulation as part of the rulemaking process. It is an
important part of United States administrative law which facilitates government
by typically creating a process of taking of public comment.

An office that provides strategy and technical direction, guidance, and policy to
ensure that I'T resources are acquired and managed for the VA in a manner that
implements various Federal laws and regulations.

<bibliomisc>http://www.oit.va.gov/About_the Office of Ol T.asp</
bibliomisc>
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Office of
Technology

Information and
Object Management Group

President's Council of Advisors
on Science and Technology.

Patient Care Devices

Source

Pulse Oximetry

IHE Patient Care Device Tech-
nical Framework Supplement -
Pulse Oximetry Integration.

Requirements Analysis and En-
gineering Management

Representational State Transfer

Regenstreif Institute

Substance Abuse and Mental
Health Services Administration

OIT delivers avail able adaptabl e, secure and cost effective technology servicesto
the Department of Veterans Affairs (VA) and acts as a steward for all VA'sIT
assets and resources.

An international, open membership, non-profit computer industry standards con-
sortium focused on modeling (programs, systems and business processes) and
model-based standards. http://www.omg.org/

An advisory group of the nation's leading scientists and engineers who di-
rectly advise the President and the Executive Office of the President. PCAST
makes policy recommendations in the many areas where understanding of sci-
ence, technology, and innovation is key to strengthening our economy and form-
ing policy that works for the American people. PCAST periodically produces
reports on a number of technology subject areas, one of which is Network-
ing and Information Technology Research and Development. Under this cat-
egory, on December 8, 20, a "PCAST report was published titled "Realizing
the Full Potential of Health Information Technology to Improve Healthcare for
Americans. The Path Forward." http://www.whitehouse.gov/sites/default/files/
microsites/ostp/pcast-heal th-it-report. pdf

A medical device used in the process of diagnosing, monitoring, treating, or pre-
venting disease.

<bibliomisc>http://www.ihe.net/
resources/upload/ihe_ped-user_handbook 2011 edition.pdf</bibliomisc>

Pulse Oximetry is anon-invasive method for monitoring a patient's O2 saturation
using a pulse oximeter device.

This supplement builds on existing integration profiles (i.e., PCD, DEC) and
transactions (i.e., PCD-01) and specifies content constrained for exchanging pulse
oximetry data

Management of those tasks that encompass determining the needs or conditions
to be met for anew or atered product, including conflicting requirements of var-
ious stakeholders, analyzing, documenting, validating and managing software or
system requirements.

An architectural style that abstracts the architectural elementswithin adistributed
hypermedia system. REST ignores the details of component implementation and
protocol syntax in order to focus on the roles of components, the constraints upon
their interaction with other components, and their interpretation of significant data
elements.

A private, non-profit research organization founded in 1969, heavily involved in
the field of medical informatics and health services research, which is affiliated
with the Indiana University School of Medicine and based in Indianapolis.

A branch of the U.S. Department of Health and Human Services, headquartered
in Rockville, MD., charged with improving the quality and availability of preven-
tion, treatment, and rehabilitative services in order to reduce illness, death, dis-
ability, and cost to society resulting from substance abuse and mental illnesses.3
www.samhsa.gov
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Standards Collaboration A guide identifying the strategic partners, priorities, established objectives and
Roadmap evaluation criteria for interagency collaboration and joint standards architecture

Standards Development Life-
cycle

Standards Development Orga-
nization

System for the Mechanical
Analysis and Retrieval of Text

Source

Substitutable Medical Applica
tions, Reusable Technologies
(SMART) Platforms

Source

Subject Matter Expert

A recursive acronym for SPAR-
QL Protocol and RDF Query
Language

engagement. The roadmap will include both internal VA programs and external
agency partner collaboration activities. The SCR is a revision-controlled docu-
ment, updated as needed to reflect the dynamic nature of the healthcare IT envi-
ronment.

A 6-step cycle used to define the process steps and stakeholders involved within
the development and adoption of standards.

An organization whose primary activities are developing, coordinating, promul-
gating, revising, amending, reissuing, interpreting, or otherwise producing tech-
nical standards that are intended to address the needs of a relatively wide base
of affected adopters (e.g. Health IT). SDOs may be governmental, quasi-govern-
mental or non-governmental entities. Quasi- and non-governmental standards or-
ganizations are often non-profit organizations.

An information retrieval system used within documentation and forms. The
SMART (System for the Mechanical Analysis and Retrieval of Text) Information
Retrieval System isan information retrieval system developed at Cornell Univer-
sity in the 1960s. Many important concepts in information retrieval were devel-
oped as part of research on the SMART system, including the vector space model,
relevance feedback, and Rocchio classification.

<bibliomisc>https://en.wikipedia.org/
wiki/SMART_Information_Retrieval _System</bibliomisc>

SMART Health IT is an open, standards based technology platform that enables
innovators to create apps that seamlessly and securely run across the healthcare
system. Using an electronic health record (EHR) system or data warehouse that
supports the SMART standard, patients, doctors, and healthcare practitioners can
draw on this library of appsto improve clinical care, research, and public health.
The SMART platform is composed of open standards, open source tools for de-
velopers building apps and a publicly accessible app gallery. To date, dozens of
clinical applications have been built on this platform, and SMART applications
are being used to provide clinical care at healthcare institutions, including Boston
Children’ sHospital and Duke Medicine. The project isrun out of the not-for-prof-
it ingtitutions, Boston Children’s Hospital Computational Health Informatics Pro-
gram and the Harvard Medical School Department for Biomedical Informatics.

<bibliomisc>http://smartheal thit.org/smart-on-fhir/</bibliomisc>
Anindividua who is broadly accepted as an expert in a particular area or topic.

A query language for databases, able to retrieve and manipulate data stored in
Resource Description Framework format, which was made a standard by the RDF
Data Access Working Group (DAWG) of the World Wide Web Consortium, and
is recognized as one of the key technologies of the semantic web. SPARQL v1.1
was released in March, 2013.4
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Standards Related Organization

Standards Steering Committee
Standards and Terminology
Service

Unified Modeling Language

Veterans Benefit Management
System

VHA eHealth University

Veterans
Networks

Integrated Service

Veterans Information Systems
and Technology Architecture

World Health Organization

eXtensible Markup Language

Multi-Enterprise  Architecture
of Networked Services

<bibliomisc> http://www.w3.org/TR/spargl 11-overview/</bibliomisc>

An organization whose primary activities are directly inter-related or critically
affected by the development, coordination, promulgation, revision, amendment,
reissuance, interpretation, or production of technical standards.

A committee representing multiple organizations within VHA, chartered to refine
and vet the Standards Life Cycle Process document and establish/maintain a gov-
ernance process for prioritization and validation of standards and standards-rel at-
ed activities.

To prepare standards specifying principles and methods for the preparation and
management of language resources within the framework of standardization and
related activities.5 (See also I1SO/TC 37)

A standardized general -purpose modeling language in the field of object-oriented
software engineering. UML was added to the list of OMG adopted technologies
in 1997.

The VA's web-based, electronic claims processing solution. The first Generation
of VBM Swasdeployed in January 2013. Theintegration of VBM Swith theonline
portal eBenefits, provides an end-to-end digital filing capability.

The online presence and training platform for the Office of Training Strategy. Ve-
HU is used to promote collaboration of clinical staff, developers, and informatics
staff to ensure VA resources are utilized in every possible capacity.

22 geographic based VA operating units or networks, allowing networks to man-
age themselves and adapt to the specific demographics of their location.

An enterprise-wide information system consisting of arange of over 150 integrat-
ed software modules designed for the support of clinical care, financial functions,
and infrastructure management. A GUI developed for clinician use, Computer-
ized Patient Record System (CPRS), provides a client-server interface that allows
health care providersto review and update a patient's electronic medical record.

A specialized agency of the United Nations (UN) that is concerned with interna-
tional public health, established on 7 April 1948, and headquartered in Geneva,
Switzerland.8

A markup language that defines a set of rules for encoding documentsin aformat
that is both human-readabl e and machine-readable. The design goals of XML em-
phasize simplicity, generality, and usability over the Internet.9

See HITSP 08 N 345 MEANS - A Multi-Enterprise Architecture of Networked
Services standard. Note that this standard may be obsol ete.
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E. Parking lot/Ideas Discussed and
Discarded

E.1. Confusion About Negation: “Absent” and
“Not Present”

Negation asalogical concept is subject to many ambiguities and inconsistencies, in healthcare applications
and general ugagel. For exampl e, the semantic distinctions between the statements “he didn’t say she was
ill” and “he said she was not ill” are subtle and open to varying interpretations. When such distinctions
appear in medical records and are used asthe basisfor inference or dataretrieval, it’ simportant that aclear
and formal semantic exists that is shared by those who record the information, those who later review the
information and useit in medical decision making, and those who write software that aggregates, abstracts,
infers, or performs other logical computations on the information.

One important distinction in medical documentation is that of a clinical phenomenon being documented
as “absent” versus the phenomenon not being documented as “present.” For example, does the explicit
documentation of “No abdominal tenderness’ mean the same thing as no documentation of “abdominal
tenderness’ ? Would the interpretation be different if the phenomenon were instead “jaundice” or “HIV”?
Would it matter if the presenting complaint at the time that observation were documented were “vomiting”
versus “ankle sprain”? Depending on the clinical context, the specific phenomenon in question, and the
assumptions of individuals using the medical record, the interpretation of “absent” versus “not present”
could be the same or quite different. Today’ s representation and inferencing models for electronic health
records do not provide enough clarity and control to safely interpret negation in these situations.

Finally, current ontology-based models for representing clinical observations sometimes result in gross
errors when subsumption inferences are applied to negated clinical concepts. For example, the SNOMED-
CT model incorrectly infersthat the documentation of “No myocardial infarction” in apatient implies that
the patient has “No heart disease” whatsoever. A model that correctly handles subsumption testing over
negated clinical conceptsisrequired to support correct (and safe) inferencing in el ectronic health records.

E.2. Potential Problems and Issues

E.2.1.

Although it hel ps to solve the problems described Section ???, the models presented in this paper for con-
solidating “ Findings’ and “ Observable Entities” into “ Phenomena’ and for normalizing the representation
and querying of negated phenomena also entail certain challenges and limitations.

Negative Values for Phenomena

The model does not allow interval values that include negative real numbers. In rare cases, clinica phe-
nomena require such values, for example the phenomenon of “Max ST deflection” in an EKG, which can
be either positive or negative.

A potential solution in these cases is to change the modeling of certain phenomena so that they only take
on positive numeric values. In the example above, this strategy would entail the specification of separate
phenomenafor “Max ST depression” and “Max ST elevation”. Further work isrequired to determine how

'Horn L. A Natural History of Negation. University of Chicago Press, 1989.
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often phenomena with negative values occur and whether the proposed strategy is effective is all such
Cases.

E.2.2. Values from Enumerated Value Sets that are not
Numeric or not Ordinal

E.2.3.

E.2.4.

Certain clinical phenomena have values that are simply not humeric, and to which the model for repre-
senting and processing interval values does not cleanly apply. The following phenomena and their corre-
sponding enumerated value setsillustrate this point.

Eye-Color: Vaues = (Blue, Green, Brown, Black, ... )

Eye-Color : Values = (1=Blue, 2=Green, 3=Brown, 4=Black, ... )
Dysphagia: Values = (never, rarely, sometimes, frequently, always)
Patellar tendon reflex: Values = (1+, 2+, 3+, 4+)

To address the reality of such observations in the medical record, the assignment of interval values may
need to be limited to only those phenomena whose values are naturally numeric or can be characterized
as present, absent, or indeterminate (for which interval values are defined). An aternative would be to
always assign such phenomena the interval value “(0,#]” (Present), and denote the property values using
adifferent attribute (such as “color”, “frequency”, of “intensity” in the cases above).

Units of Measure for Non-Quantitative Values

Consolidating “Findings’ and “Observable Entities’ allows the use of a numeric interval value to denote
the presence or absence of clinical observations that wouldn’t otherwise have numeric values, such as
“nausea’ or “dizziness.” Interval valuesalso alow oneto denote the presence and the cardinality of certain
clinical phenomenausing asingle value, such asfor “Daily cigarette use” or “Pressure ulcers’.

In both situations however, there is no natural unit of measure to associate with the interval values. To
the degree that there’ s benefit in consistently assigning a unit of measure to all values, this void presents
aproblem.

A possible solution isto have a“null” unit of measure, indicating that the value is not associated with any
unit of measure. This strategy may not be unfamiliar to data modelers and data analysts, in that certain
LOINC lab codes already include such adesignation (such as for Urine Specific Gravity, a dimensionless
measurement). Alternatively, one could create special-purpose units of measure to associate with dimen-
sionless values. Again, this strategy has been adopted for certain LOINC lab codes, such as pH (which
includes a specia “[pH]” unit of measure) or manual cell count (which includes the specia “per high
powered field” unit of measure).

Subsumption over all Refining Attributes of Phe-

nomena

As described in Section Section C.1.2, “Assigning Values to Phenomena That Include Refining At-
tributes”, correct application of thetri-valued model for querying phenomenarequiresthat interval values
be assigned to the entirety of each phenomenon (including all of itsrefining attributes). Further, the correct
applications of the axiomsin Section Section C.2.2, “A Forma Model of Negation with Subsumption Re-
lationships” also require that subsumption testing between phenomenon (i.e., application of the “I1s-A()”
predicate within these axioms) include all of the refining attributes to which interval values have been
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assigned. If subsumption testing is performed using only a subset of the attributesto which interval values
are assigned, the axioms will produce incorrect results.

The point isillustrated through several examples shown in Figure E.1, “Examples of correct and incorrect
application of subsumption testing involving post-coordinated phenomena.”.

Note, for example, that if subsumption testing between phenomenon 1 and phenomenon 3 excludes the
“Observation-Date” valuein phenomenon 3, and “ Observation-Date” iswithin the scope of theattributesto
whichtheinterval value“[2,2]” hasbeen assigned, then phenomenon 3 will be subsumed by phenomenon 1
and the axioms of Section Section C.2.2, “ A Formal Model of Negation with Subsumption Relationships”
will infer that phenomenon 1 is present. However, upon inspection, it is clear that the presence of two
pressure ulcers in the right leg on Oct. 4, 2017 does not necessarily imply the presence of any pressure
ulcerson July 7, 2017. Subsumption testing that correctly included the* Observation-Date” attribute would
have prevented thisincorrect inference and concluded that the existence of pressure ulcerson July 7, 2017
was indeterminate based on the available data.

Similarly, if subsumption testing between phenomenon 5 and phenomenon 2 excludes the “Laterality”
attribute of the anatomical location of phenomenon 5 (a nested attribute), and “Laterality” is within the
scope of the attributes to which the interval value “[0,0]” has been assigned, then phenomenon 5 will
be subsumed by phenomenon 2 and the axioms of Section Section C.2.2, “A Formal Model of Negation
with Subsumption Relationships” will infer that phenomenon 5 isabsent. Again, however, intuition should
make clear that the absence of a pressure ulcer on left leg on July 18, 2017 does not necessarily imply
the absence of a pressure on the right leg on that same date. Inclusion of the “Laterality” attribute in the
subsumption test would have prevented this incorrect inference, and caused the axioms of Section Sec-
tion C.2.2, “ A Forma Model of Negation with Subsumption Relationships’ to conclude that the presence
of astage-2 pressure ulcer in the right leg on that date was indeterminate based on the data.

Figure E.1. Examples of correct and incorrect application of subsumption testing
involving post-coor dinated phenomena.

@ Phenomenon ->

e lies
ls-A) > 3456_PressureUlcer_ _ _ Pr Xt

(Observatlon Date) -> 2017-07-18

/\ No Info

@ Phenomenon -> @ Phenomenon ->
(Is-A) -> 3456_PressureUlcer (Is-A) -> 3456_PressureUlcer i
Absent .. (Location) ->leg _ _ _ _ _ (Location) -> Leg Present
3 Laterality) -> Left (Laterality) -> Right
implies | {(Observation-Date) -> 2017-07-18" { (Observation-Date) -> 2017-10-04 |

Absent (Value) -> [0, O]

(Value) -> [2,2]
¥

@ Phenomenon -> A?sebt Phenomenon -> @

(Is-A) -> 3456_PressureUlcer No (Is-A) -> 3456_PressureUlcer
(Location) >Leg _ _ _ _ _ Info (Location) >Lleg _ _ _ _ _ _

_____ &ateralltﬂ -> Left_l_ _L(_Lateral_-y) -> ng__htl
(Observatlon Date) -> 2017- 0718 I(Observatlon -Date) -> 2017-07-18 I
(Severlty) -> Stage 4 (Severity) -> Stage 2

The point of these examples is to underscore the importance of including all of the refining attributes to
which interval values are assigned in any subsumption tests that are later performed. In practice, however,
this may not be atrivial undertaking. For example, subsumption testing between date values of different
granularities (year vs. month vs. day) is not supported by standard description logic reasoners, so that a
phenomenon observed in July 2017 may not correctly subsume the same observation observed on July
12, 2017. Further, the correct semantics of subsumption between date values when assigned to clinical
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observationsmay not be straightforward. For example, assigning an Observation-Date value of “ July 2017”
to a phenomenon could mean that the phenomenon was observed at some point in July 2017, or it could
mean that the phenomenon was observed throughout the duration of July 2017. Theintended meaning has
implications for whether a phenomenon with the Observation-Date value of “July 2017” should subsume
a phenomenon with the Observation-Date value of “July 18, 2017" with respect to the application of the
axiomsin Section Section C.2.2, “A Formal Model of Negation with Subsumption Relationships’.

Similar questions arise regarding the scope of attributes to which interval values should be assigned, and
which ones comprise refining attributes of the phenomenon itself (such as laterality, observation-date,
severity, etc.), and which ones comprise meta-attributesthat do not refine the phenomenon (such asidentity
of the observer, method of observation, purpose of the observation, etc.). Strictly speaking, meta-attributes
should be excluded from the scope of interval-val ue assignmentsand (therefore) from subsumption testing,
but in certain cases it may not be clear which attributes are truly refining attributes and which are meta-
data, and that distinction may even be context specific. For example, method of observation may be a
significant attribute of the observed phenomenon in certain cases, but not others. All of theseissuesremain
to be examined and resolved before one can correctly and reliably apply the models presented here.

E.2.5. “Cognitive Dissonance”

Thefinal challenge in using the models described here is the unintuitive nature of representing the values
of all clinical observations using numeric intervals, as formalized in Section Section 11.2.6.2, “ Phenom-
ena and Interval Values’. The notion that entirely qualitative clinical observations such as “nausea” and
“dizziness’ have quantitativeinterval values may be difficult for thoseimplementing and working with the
proposed model to grasp and accept. Similarly, the model produces certain unintuitive characterizations
of clinical observations that only have numeric values, such as the conclusion that a “ Serum Potassium”
observation is“Present” if it'svalueis> 0, and otherwiseis* Absent”. It remains to be seen whether those
using the model can overcome potential “cognitive dissonance” in encountering such implications.

E.3. Compound Clinical Statements: Separable
vs. Inseparable Components

Discussion:

» Dowethink of clinical statementswith “values’ only as numerical values? Or would other statements
be considered having values, e.g.

 Patient position = sitting
e Priority = routine
* Route of Administration = sublingual

If statements can have values other than numerical values, the BP use case could look like the example
below:

SEPARABLE INSEPARABLE
USE CASE STATEMENTS COMPONENTS

BP of 120/80 mmHg onright brachial artery, Systolic BP = 120 mmHg
patient in sitting position for at least 5 min.,| Diastolic BP = 80 mmHg
using adult BP cuff, urinary bladder voided|Time since last urination = 30
within 30 min. before measurement min. or less
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Measurement body site = right
brachial artery

Device used = adult cuff
Body position = sitting

Sitting time before
measurement = 5 min. or more

The “panel” above would consist of the following statements:
1. Systolic BP =120 mmHg

2. Diastolic BP = 80 mmHg

3. Timesince last urination = 30 min. or less

4. Measurement body site = right brachial artery

5. Device used = adult cuff

6. Body position = sitting

7. Timein sitting position = 5 min. or longer

If statements can have values other than numerical values, the Medication use case could look like the
example below:

SEPARABLE INSEPARABLE
USE CASE STATEMENTS COMPONENTS
Strength = 0.4 mg Administration

Frequency = every 5 minutes | Nitroglycerin
Maximum dosage = 3 tablets | As needed
Dose form = tablet

Administration of nitroglycerin 0.4 mg
tablet sub-lingual every 5 minutes as needed — :
for chest pain; maximum 3 tablets (routing) |Route of ~Administration =
sublingual

Indication = Chest pain

Priority = Routine

The “panel” above would consist of the following statements:
1. Administration of nitroglycerin as needed

2. Medication strength = 0.4 mg

3. Frequency = every 5 minutes

4. Maximum dosage = 3 tablets

5. Dose form = tablet

6. Route of Administration = sublingual

7. Indication = chest pain
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8. Priority = routine

After discussion, decision was made to only define separable components as components with numerical
or pseudo-numerical values and components, that can have present/absent values, if these are directly
related to the focus of the statement.
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