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Abstract

Background: A health information exchange (HIE)—based prior computed tomography (CT) alerting system may reduce
avoidable CT imaging by notifying ordering clinicians of prior relevant studieswhen astudy isordered. For maximal effectiveness,
a system would alert not only for prior same CTs (exams mapped to the same code from an exam name terminology) but also
for similar CTs (exams mapped to different exam name terminology codes but in the same anatomic region) and anatomically
proximate CTs (exams in adjacent anatomic regions). Notification of previous same studies across an HIE requires mapping of
local site CT codesto astandard terminology for exam names (such as Logical Observation | dentifiers Namesand Codes[LOINC])
to show that two studies with different local codes and descriptions are equivalent. Notifying of prior similar or proximate CTs
requires an additional mapping of exam codes to anatomic regions, ideally coded by an anatomic terminology. Several anatomic
terminologies exist, but no prior studies have evaluated how well they would support an alerting use case.

Objective: Theam of this study was to evaluate the fitness of five existing standard anatomic terminologies to support similar
or proximate alerts of an HIE-based prior CT alerting system.

Methods: We compared five standard anatomic terminol ogies (Foundational Model of Anatomy, Systematized Nomenclature
of Medicine Clinical Terms, RadLex, LOINC, and LOINC/Radiological Society of North America[RSNA] Radiology Playbook)
to an anatomic framework created specifically for our use case (Simple ANatomic Ontology for Proximity or Similarity [SANOPS)),
to determine whether the existing terminologies could support our use case without modification. On the basis of an assessment
of optimal terminology featuresfor our purpose, we devel oped an ordinal anatomic terminology utility classification. We mapped
samples of 100 random and the 100 most frequent LOINC CT codes to anatomic regions in each terminology, assigned utility
classes for each mapping, and statistically compared each terminology’s utility class rankings. We also constructed seven
hypothetical alerting scenarios to illustrate the terminologies’ differences.

Results: Both RadLex and the LOINC/RSNA Radiology Playbook anatomic terminologies ranked significantly better (P<.001)
than the other standard terminologies for the 100 most frequent CTs, but no terminology ranked significantly better than any
other for 100 random CTs. Hypothetical scenariosillustrated instances where no standard terminol ogy would support appropriate
proximate or similar alerts, without modification.

http://medinform.jmir.org/2017/4/e49/ JMIR Med Inform 2017 | vol. 5 |iss. 4| e49 | p. 1
(page number not for citation purposes)


mailto:anton.beitia@mountsinai.org
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MEDICAL INFORMATICS

Beitiaet a

Conclusions: LOINC/RSNA Radiology Playbook and RadL ex’s anatomi c terminol ogies appear well suited to support proximate
or similar alertsfor commonly ordered CTs, but for less commonly ordered tests, modification of the existing terminologies with
concepts and relations from SANOPS would likely be required. Our findings suggest SANOPS may serve as a framework for
enhancing anatomic terminologies in support of other similar use cases.

(JMIR Med Inform 2017;5(4):e49) doi: 10.2196/medinform.8765
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Introduction

Background

Computed tomography (CT) use has grown dramatically in
recent years [1,2] and, because CT typically delivers higher
radiation doses than conventional x-rays, there are concerns
about appropriateness of utilization and the risks of cumulative
radiation exposure [1,3-5]. Prior work by our group showed
many patients underwent the same CT exam at more than one
site within a health information exchange (HIE); some were
likely duplicate studies and possibly avoidable[6]. Other authors
have also shown that many CTs are duplicative and may be
unnecessary [1,7-12].

An HIE-based prior CT alerting system may reduce avoidable
CT imaging by notifying ordering clinicians of prior relevant
studieswhen arepeat study isordered [9,10,13,14]. For maximal
effectiveness, asystem would alert not only for prior same CTs
(exams mapped to the exact same code from an exam name
terminology) but also for similar CTs (exams in the same
anatomic region but with different CT protocols and mapped
to different exam name terminology codes) and anatomically
proximate CTs (exams in adjacent anatomic regions). For
example, in such an alerting system, aclinician ordering ahead
CT without intravenous contrast would be alerted not only to
the same prior exam but aso to a prior similar head CT with
contrast study or aprior proximate neck CT performed anywhere
withinan HIE. Alertsfor prior proximate CTs may be beneficia
as scans often extend to tissues beyond the nominal scan range
[15-17].

Alerting based on the existence of other prior imaging modalities
(magnetic resonance imaging [MRI], ultrasound, plain films,
and nuclear medicine) may also have utility in the decision to
order a CT or other new imaging study. Although inclusion of
all imaging moddlitiesisthe ultimate goal in our aerting system,
we decided to start first with CT studies because of their
frequency of use, cost, and potential impact on patient safety
because of the relatively higher amount of radiation.

Notification of previous same studies across an HIE requires
mapping of local site CT codes to a standard terminology for
exam names (such as Logical Observation Identifiers Names
and Codes [LOINC]) to show that two studies with different
local codes and descriptions are equivalent (eg, “CT (-) head”
at one site and “CT brain w/o contrast” at another) [18].
Notifying of prior similar or proximate CTs requires an
additional mapping of LOINC CT codes to anatomic regions,
ideally coded by an anatomic terminology. Several anatomic
terminologies exist, including the anatomic hierarchy contained
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in LOINC's multiaxia hierarchy, but no prior studies have
evaluated how well the concepts and relationships in these
terminologies would support the alerting use case.

Objective

We sought to evaluate the fitness of five existing standard
anatomic terminologies to support our alerting use case,
including the (1) Foundational Model of Anatomy (FMA), (2)
Systematized Nomenclature of Medicine Clinical Terms
(SNOMED CT), (3) Radiological Society of North America’'s
(RSNA) RadL ex anatomic terminol ogy, (4) anatomic hierarchy
associated with LOINC, and (5) LOINC/RSNA Radiology
Playbook’s anatomic terminology by comparing them with an
anatomic framework that we created specifically to meet the
operational needs of our use case: “ Simple ANatomic Ontology
for Proximity or Similarity” (SANOPS).

We did not create SANOPS as a new anatomic framework for
general use. Rather, we aimed to create a simple anatomic
framework that could be implemented easily to support our
alerting application and could also be used as a reference by
which to compare the fithess for use of other existing
terminologies. Our goals were to determine whether any of the
existing terminol ogies could perform adequately in an unaltered
state for our specific application and to characterize where they
could be enriched, if necessary.

Significance

This study is a novel investigation of anatomic terminologies
to support aprior CT aerting system. We previously described
the pilot work to conceive of the SANOPS anatomic framework,
which arose because we were designing an alerting system that
accounted for similar and proximate CTs [19]. Other authors
have compared the anatomic representations of SNOMED CT
and FMA [20] and used anatomic terminologies to support
radiology applications [21-23]. There are also reports of CT
alerting systems implemented to notify ordering clinicians of
an exam's appropriateness [24,25], as well as to notify
technologists of possible excessive patient radiation dose [26].
These prior studies were not performed in the context of aprior
CT derting system and did not use an HIE of multiple
organizations as the data source.

Methods

Overview

Asan overview, to compare the existing standard terminol ogies,
we previously developed an idealized anatomic framework
(SANOPS) that we would use as areference. In this study, we
devised a terminology utility classification to provide a
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guantitative assessment for the effort required to utilize and
implement the standard anatomic terminol ogiesfor our use case
compared with the SANOPS benchmark. We mapped asampling
of LOINC CT exam codes extracted from our regional HIE to
anatomic regions in each terminology and assigned utility
classes to each terminology for each mapping (described in
detail below). We then statistically compared the utility classes
of each terminology. We also constructed seven hypothetical
alerting scenarios to further illustrate the terminologies
differences.

We performed our terminology comparison from December
2015 to February 2016. The versions of the terminologieswere
the latest available at the time and are indicated below.

Materials: Optimal Anatomic Terminology Features
and SANOPS

Our development of SANOPS was guided by anatomic
requirements and unique operationa challenges required to
support our specific use case of issuing prior similar or
proximate alertsin an HIE-wide prior CT aerting system.

Anatomically, to support similar or proximate aerts, our ideal
anatomic terminology would be organized by body regions
rather than by organ systems and have information regarding
containment of organs. For example, to issue asimilar aert of
aprior liver CT with akidney CT order requires only that the
terminology has information that the kidney and liver are
contained in the same anatomic region, that is, the abdomen.
To issue a proximate aert of a prior kidney CT with a pelvis
CT order requires information that the kidney is contained in
the abdomen region and that the abdomen and pelvis are
specified asadjacent body regions. A terminology wherekidneys
are nested under the genitourinary system, without links to
abdomen, would not be suitable. If aterminology is organized
in an organ system hierarchy, then to be of any use it should
also have information regarding the containment of organs
within body regions. For the extremities, we would prefer a
divisioninto at least three relatively equival ent-sized proximate,
mid, and distal anatomic regions. This would be done to help
avoid clinically irrelevant proximate or similar alerts. For
example, aprior right foot CT should not trigger an alert when
anew right hip CT is ordered.

Operationally, issuing an order-time alert based on aprior exam
performed at a different site within an HIE requires a complex
series of steps. The local site where the order is placed must
issue a Web-based communication with the HIE server that
must match patient and exam records and determine whether
same, similar, or proximate exams exist and then return the alert
result and payload back to the local site. To be of any practical
value, these steps must al be completed within fractions of a
second. Any step that conserves computational resources and
reduces query time would help ensure the successful firing of
such an aert within the clinician’s workflow. Given these
special circumstances, it follows that body region organization
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and organ containment information within body regions should
be expressed in the most direct and simple fashion as possible.

With these anatomic requirements and operational issues in
mind, we designed the SANOPS anatomic framework with a
relatively simplistic design. SANOPS divides the human body
into 17 major regions (Figure 1). We used SANOPS by linking
CT exam codes (which are LOINC codesin our application) to
body regionsthat best subsumethe region imaged. For example,
kidney CT would be assigned to the abdominal region. Multiple
anatomic identifiers can be assigned to exams that span more
than one major body region. For example, an abdomen and
pelvis CT exam aswell asalumbar spine CT exam would both
be assigned to the abdomen and pelvic regions. Using SANOPS
regions, similar alerts would be issued for a pair of different
LOINC CT codeswhen they mapped to the same body regions.
Proximate alerts would be issued for two CT codes that are
assigned adjoining SANOPS regions, providing that they are
not also assigned to the same region (in which case a similar
alert would be issued).

To avoid clinically irrelevant proximate or similar aertsin the
extremities, SANOPS divides extremities into proximal, mid,
and distal portions, with midshafts of long bones separating
theseregions. Therefore, extremity regionsroughly correspond
to therespective largejoints plus adjacent portions of long bone
shafts. This approach differs from the other anatomic
terminologies that divide upper extremities into arm, forearm,
and hand and wrist regions and the lower extremitiesinto thigh,
leg, and foot and ankle regions.

Our long-term goal isthat SANOPS informsthe use of standard
terminologiesto support HIE-wide prior exam alerting systems.
More information regarding SANOPS and a trandlation table
of SANOPS codes to other existing terminologies is available
on the Internet [27].

Materials: Anatomic Ter minologies

The FMA is an open source reference domain anatomic
terminology of over 75,000 distinct anatomic concepts covering
material objectsfrom macroscopic to microscopic level, aswell
asnonmaterial entities (such asanatomic spaces) [28]. TheFMA
is both broader and more granular than extant anatomy texts or
other terminologies. The FMA is an ontology in that it is
“concerned with the representation of classes or types and
relationships necessary for the symbolic representation of the
phenotypic structure of the human body in a form that is
understandable to humans and is also navigable, parseable, and
interpretable by machine-based systems [29]." The FMA
organizesits anatomic taxonomy in strict subsumption hierarchy.
The FMA's anatomic structural abstraction also contains
partonomy information that relates organ systemsto constituent
parts through part of, constitutional part of, and
regional_part_of links[29]. Many instances of FMA's part_of
links relate organ systems to anatomic body regions. We used
FMA version 4.4.1.
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Figure 1. Seventeen magjor anatomic regions defined by our novel Simple ANatomic Ontology for Proximity or Similarity (SANOPS) terminology.
The major anatomic regions and their respective codes are: 1-head, 2-neck, 3-chest, 4-abdomen, 5-pelvis, 6a-proximal left upper extremity (LUE),
6b-mid LUE, 6c-distal LUE, 7a-proximal right upper extremity (RUE), 7b-mid RUE, 7c-distal RUE, 8a-proximal left lower extremity (LLE), 8b-mid
LLE, 8c-distal LLE, 9a-proximal right lower extremity (RLE), 9b-mid RLE, and 9c-distal RLE.

RadLex is a publicly avalable comprehensive clinica
terminology providing a uniform standard for all
radiology-related information [30]. The version used (3.13)
contained over 68,000 terms organized in 15 main categories,
including anatomic entity, clinical finding, and imaging
modality. RadL ex’s anatomic terminology is derived from the
FMA but employs simplified macroscopic terms relevant to
radiology [31]. The RadLex Playbook (version 2.0 studied),
comprising part of the comprehensive RadL ex terminology, is
a catalogue of radiology orderable exams, each given a unique
“RadLex Playbook identifier (RPID)” defined by several
attributes, including modality, body region, and anatomic focus.
Body part(s) are indicated through body region and anatomic
focus attributes that are represented by concepts in RadLex’s
anatomic terminology. Body region specifies the broad portion
of the body that isimaged and anatomic focus indicates amore
specific location (ie, liver CT has body region attribute
“abdomen” and anatomic focus “liver”) [32].

LOINC is afreely available international standard developed
by the Regenstrief Institute Inc for tests, measurements, and
documents. The version used (2.54) contained 78,959 terms
with 798 CT exam codes[33]. Each radiology code hasasystem
attribute (part) corresponding with the region or organ on which
that exam was performed. LOINC anatomic regionsare arranged
hierarchically, although formal rules and relations between
classes and subclasses are not currently defined.

http://medinform.jmir.org/2017/4/e49/

The LOINC/RSNA Radiology Playbook wasinitialy released
in December 2015 as part of LOINC version 2.54 and was
developed through collaboration between Regenstrief Institute
and the RSNA and with support from the National Institute of
Biomedical Imaging and Bioengineering [34]. This no-cost
product combines and unifies useful aspects of LOINC
Radiology and the RadlL ex Playbook. We used theinitial release
version that waslimited to CT. Subsequent rel eases (most recent
June 2017; part of LOINC version 2.61) included MRI, x-ray,
ultrasound, nuclear medicine, mammography, and other imaging
modalities [35]. Similar to RadLex, each CT exam in the
LOINC/RSNA Radiology Playbook is defined by severa
attributes. Body part attributes are drawn from the RadlLex
anatomic hierarchy, with region imaged and imaging focus
attributes in many instances also following RadLex’s body
region and anatomic focus model [35]. Where applicable,
matching RadL ex RPID codes are mapped to the LOINC codes.

SNOMED CT isaclinica health care terminology originally
created by the College of American Pathologists and now
maintained by SNOMED International (formerly, the
International Health Terminology Standards Development
Organisation) [36]. The version used (September 2015 rel ease)
is comprised of about 300,000 concepts, of which over 30,000
pertain to anatomic structures. SNOMED’ s anatomic hierarchy
uses a Structure-Part-Entire (SEP) triplet to represent anatomic
entities (eg, liver is represented through concepts of liver part,
entire liver, and liver structure) [37]. This allows for anatomic
relations to be expressed as subsumption (is_a) relations rather
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than part_of relationships (eg, coronary artery structure is a
heart part is a heart structure). SNOMED CT also contains
direct partonomy information with anatomic structures related
to constituent parts through part_of links that parallel the SEP
relations [38]. By design, SNOMED CT's anatomic hierarchy
is also a polyhierarchy, with many anatomic concepts having
multiple parents or ancestors and children or descendants[38].

Methods: Mapping LOINC CT Exam Codesto
Anatomic Regionsin Anatomic Terminologies

Overview

The Office of the Nationa Coordinator for Health IT has
recommended L OINC asthe best available standard for imaging
procedures[39], and it has been used successfully inlarge HIES
[40]. Hedlthix, a large New York City area HIE currently
working with our group, has chosen LOINC as the exam name
terminology standard for CT exams and is mapping all local
institution exam codes to LOINC. For these reasons, we chose
L OINC asthe exam name terminol ogy to provide standardized
CT exam codes and descriptions to which we assigned or
mapped anatomic regions from our candidate anatomic
terminologies, including LOINC’s own core anatomic hierarchy.
We extracted 100 random LOINC CT exam codes and the 100
most frequently performed LOINC CT exam codes among five
sitesin Healthix from March 1, 2009 to July 24, 2012. One of
the authors (AOB), aboard-certified radiologist, informatician,
and domain expert manually mapped the anatomic regionsfrom
the LOINC name to the candidate anatomic terminol ogies. Our
sampling approach enabled assessment of anatomic terminology
performance over both a random sample and CTs that users
would most frequently encounter.

Mapping Approach

LOINC CT exam codes were mapped to each anatomic
terminology’s region representing the nearest match to the
region specified in the LOINC long common name. For
example, “Head CT” and “Kidney CT” were respectively
mapped to the “head” and “kidney” classesin FMA and were

mapped to “head structure” and “kidney structure” conceptsin
SNOMED CT.

We made specia considerations in mapping the LOINC CT
exam codes to the LOINC, RadLex, and LOINC/RSNA
Playbook anatomic terminologies because they are parts of
larger comprehensive terminologies that include standardized
codes and names or descriptionsfor CT examsand already have
anatomic region attributes embedded with their CT exam names.

We mapped LOINC CT exam codes to regions in LOINC's
core anatomic terminology by linking to the anatomic system
attribute specified in the LOINC fully specified name [34].
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Similarly, welinked LOINC CT exam codesto anatomic regions
in the LOINC/RSNA Playbook anatomic terminology through
the region imaged and imaging focus attributes contained in
that terminology's distribution file. We also |everaged attribute
relationships in the LOINC/RSNA Playbook to link LOINC
CT exam codesto RadL ex’s core anatomic terminol ogy through
mappings between LOINC CT codes and RadLex Playbook
RPID codes. If a LOINC code had no matching RPID, one of
the authors (AOB) chose the closest matching RPID through
manual review of the RadL ex Playbook. Once weidentified the
corresponding RadLex Playbook RPID, we mapped LOINC
Codes to each RPID’s body region and anatomic focus
attributes.

To further illustrate our method of anatomic mapping, consider
the “Liver CT” exam (LOINC code 24815-3). In LOINC's
anatomic terminology, we use “Abdomen>Liver” as the
anatomic region because this composite element is the system
attribute for thisL OINC exam code. In both the LOINC/RSNA
Radiology Playbook and RadL ex anatomic terminologies, the
anatomic mappings were to body region of “abdomen” and
anatomic focus of “liver,” as these were specified as attributes
of the exam code in both terminologies. For FMA, the exam
was mapped to anatomic class of “liver.” For SNOMED CT,
the exam code was mapped to anatomic concept of “liver
structure.”

Evaluation With Anatomic Terminology Utility
Classification

Anatomic Terminology Utility Classification Features

Onceal OINC CT exam code was mapped to anatomic regions
in each standard anatomic terminology, a terminology utility
class was assigned to each mapping. We devised an anatomic
terminology utility classification to provide a structured
assessment of the effort required to utilize and implement the
standard anatomic terminologiesin an unmodified state for our
use case. It isan ordinal diding scale from 1 to 5. The criteria
used to assign aterminology utility classissummarizedin Table
1 and discussed in detail below. Using SANOPS as a
benchmark, the class assignment is based on an approximation
of terminology modifications or additional computing steps
required to use the standard terminology to support an
appropriate similar or proximate alert; aclassof “1” isgiven if
no additional computing steps above those used with SANOPS
are necessary for aterminology to fully support an appropriate
alert in its unaltered state; and a class of “5” is assigned if a
terminology requires alarge amount of computing resources or
modifications. Utility class assignment was performed manually
by AOB and then reviewed and validated by the other coauthors.
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Table 1. Summary of terminology utility classification scale for mapping of each anatomic terminology to Logical Observation Identifiers Names and

Codes (LOINC) coding.

Class Criteria

1 The anatomic region specified is a body region (not an anatomic focus) that maps to aregion in SANOPS?or if an anatomic focus, the corre-
sponding body region attribute from the candidate terminology, maps to a SANOPS region

2 Anatomic focus nested under a SANOPS body region in uniform relation without other alternative path(s)

3 Polyhierarchy with uniform type (“is-a" or “part-of") edge links from anatomic focus concept to SANOPS body region but a so with other

paths to other superclasses bypassing the SANOPS body region

4 No link from anatomic focus to SANOPS body region through single type of edge relation

5 Anatomic focus concept not nested under SANOPS body region

3SANOPS: Simple ANatomic Ontology for Proximity or Similarity.

Anatomic Terminology Utility Classification: Class of “ 1"

A classof “1” was given when the anatomic region in the target
terminology required no further computing steps above those
if SANOPS were used to support aprior similar or proximate
exam aert. Thiswas satisfied in the following conditions:

«  When the anatomic region specified by the LOINC CT
exam name was equivalent to a SANOPS-specified major
body region. For example, mappings of “Abdomen and
PelvisCT” in dl five candidate terminol ogieswere assigned
“1” because al have concepts for abdomen and pelvis and
there is a one-to-one correspondence of regions specified
in the exam name with anatomic concepts in each
terminol ogy.

« For LOINC, RadLex, and LOINC/RSNA Playbook, when
the body region or imaged region attribute specified by the
exam code corresponded with one of SANOPS major body
regions. For example, for a“Neck vessel CT angio” aclass
of “1" was given to RadLex and the LOINC/RSNA
Radiology Playbook as*neck” is specified asabody region
attribute in exam codes of both terminologies.

« Inthe extremities, when the anatomic region specified by
the LOINC CT exam name was a mgjor joint and the
terminol ogy had amatching concept for the specified joint.
For example, mappings of “Right Knee CT” in al five
candidate terminologiesreceived aclassrank of “1” because
all have “right knee” anatomic concepts. The rationale for
thisassignment isthat SANOPS concepts of proximal, mid,
and distal regions of the extremities roughly corresponded
with large extremity joints plus adjacent long bone shafts.

- If the CT exam description specified an entire extremity
only as the anatomic region imaged and the terminology
had a corresponding anatomic concept for the entire
extremity.

Anatomic Terminology Utility Classification: Class of “ 2"

A terminology utility class of “2" was given to a target
terminology if the anatomic focus specified by the CT exam
codewas nested directly under amajor body regionin SANOPS
viauniform relationships and without other aternative path(s).
For example, for a“CT angio abdomen,” LOINC's anatomic
terminology was assigned a class of “2" as the “abdominal
vessels’ anatomic region was nested directly under “abdomen.”
The rationale for this assignment is that this relation can be
expressed in a“look-up” table and can be queried smply and

http://medinform.jmir.org/2017/4/e49/

quickly with only slightly more computing time and resources
required over using SANOPS aone.

Anatomic Terminology Utility Classification: Class of “3”

A class of “3” was given to atarget terminology in cases of a
polyhierarchy where there were uniform type edge links from
anatomic focus concept specified in the CT code to a body
region corresponding with one of the SANOPS body regions,
but also, there were paths to other superclasses bypassing the
SANOPS body regions. For example, SNOMED CT ranked a
“3" for “Temporal bone CT,” asthere weredirect “ is a” links
to the “head” through some paths, but there were also other “
is &’ paths linking to the skeletal system, bypassing “head.”
The rationale for this assignment is that although this
class-subclass or parent-child relation can also be expressed in
asimple “look-up” table, the presence of multiple parents can
lead to errors in classification, and description logic reasoners
may need to be applied to ensure and verify that all anatomic
classrelations are expressed prior to implementation.

Anatomic Terminology Utility Classification: Class of “4”

A classof “4” was given to atarget terminology when multiple
different types of edge relations were necessary to link back to
major anatomic regions. For example, FMA ranked a “4" for
“Esophagus CT” because reaching the body region of chest
requiresfirst traveling down has_part link to thoracic esophagus
and then back through part_of links to arrive at chest. The
rationale for this class assignment is that to link back to major
anatomic region through multiple different edge links would
likely requirearelatively complex algorithm and would require
considerably more computer resources and processing time over
using SANOPS alone.

Anatomic Terminology Utility Classification: Class of “5”

A classof “5” wasgiven if there are no relationships to amajor
body region in the terminology from the anatomic focus
specified by the exam code. For example, a class of “5” was
assigned to LOINC and RadL ex’s terminologies for “Cervical
spine CT” because each lacked links from “cervical sping” to
“neck” and in neither was neck specified as a body region
attribute by the exam code. The rationale for this class
assignment is that the terminology could not be used in its
unmodified state to support our use case. Special modifications
would be needed to link the anatomic focus to the major
SANOPS body region.
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Analysis of Anatomic Terminology Utility Classes

Descriptive statistics were performed on the anatomic
terminology utility classes for each terminology. As the data
were ordinal, median and mode terminology utility classes for
each of thefive candidate terminol ogies were calculated. Mean
classes and standard deviations for each of the five candidate
terminologies were also calculated, although these are less
informative for ordinal data. The Kruskal-Wallis test, a
nonparametric analog of analysisof variance, was used to assess
for a statistically significant difference in at least one utility
class compared with remaining terminologies. The Wilcoxon
Rank-Sum test, a nonparametric analog of the student t test,
was used to assess for a significant difference between the
classes of each pair of two candidate terminologies. Both tests
used a level of significance (a) of .05 and were performed
separately for the 100 random and the 100 most frequent LOINC
codes.

Methods: Hypothetical Firing Scenarios

We devised seven hypothetical clinical cases that specified
current and previous exams for which proximate or similar
alerts should be fired based on anatomic location. These
hypothetical scenarios were purposely selected to illustrate the
differences between the anatomic terminologies in supporting
our use case. We tested each anatomic terminology to seeif, as

Beitiaet a

presently constructed, proximate or similar alerts would
appropriately fire. We defined a proximate region as the body
region(s) adjacent to the body region hypothetically being
ordered, as specified in SANOPS. For example, the “neck”
region has proximate regions of “head” and “chest.” If the
current and prior exams in our hypothetical scenarios are in
proximate regions, then a proximate alert should be fired. A
similar aert would be fired if the current and previous exams
had different LOINC codes but mapped to the same anatomic
region.

Results

Anatomic Terminology Utility Scale Scoring: 100
Random LOINC CT Codes

Descriptive statistics for the anatomic terminology utility scale
classesfor the five terminol ogies mapping to anatomic regions
for 100 random LOINC codes are given in Table 2. Mean
anatomic terminology utility class ranks ranged from 1.82 for
RadLex to 2.44 for LOINC, suggesting that moderate
modifications and/or additional computing steps are required
over SANOPSfor these standard terminol ogiesto support prior
similar or proximate alerts. Kruskal-Wallis analysis showed
that there was no statistically significant difference in rank of
the five candidate terminologies (P=.30).

Table2. Descriptive statistics of the anatomic terminology utility classesfor each anatomic terminology’s mapping to 100 random Logical Observation
Identifiers Names and Codes (LOINC) codes. There was no statistical significance in mean terminology utility class rank.

Descriptive statistic LOINC? LOINC/RSNAP RadLex FMA® SNOMED CT¢
Median terminology utility class 1 1 1 1 1

Mode terminology utility class 1 1 1 1 1

Mean terminology utility class 244 2.18 1.82 222 2.03

Standard deviation of mean 183 175 137 1.56 132
Kruskal-Wallis mean rank class 267.53 245.75 229.66 258.16 251.40

3_OINC: Logical Observation |dentifiers Names and Codes.

bRSNA: Radiological Society of North America

°FMA: Foundational Model of Anatomy.

dSNOMED CT: Systematized Nomenclature of Medicine Clinical Terms.

http://medinform.jmir.org/2017/4/e49/

RenderX

JMIR Med Inform 2017 | vol. 5| iss. 4| e49 | p. 7
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MEDICAL INFORMATICS

Beitiaet a

Table 3. Descriptive statistics of the anatomic terminology utility classes for each anatomic terminology’s mapping to 100 most frequent Logical

Observation Identifiers Names and Codes (LOINC) codes.

Descriptive statistic LOINC? LOINC/RSNAPC  Radlex® FMACA SNOMED CT®¢
Median terminology utility class 2 1 1 2 2

Mode terminology utility class 2 1 1 2 2

Mean terminology utility class 2.6 15 1.38 2.29 219

Standard deviation of mean 1.85 122 113 1.44 131
Kruskal-Wallis mean rank class 293.16 203.66 188.18 285.65 281.88

3_OINC: Logical Observation Identifiers Names and Codes.
PRSNA: Radiological Society of North America.

YL OINC/RSNA Playbook and RadL ex terminol ogies both had significantly |ower class ranks compared with other terminol ogies by Wilcoxon Rank-Sum

analysis.
9FMA: Foundational Model of Anatomy.
®SNOMED CT: Systematized Nomenclature of Medicine Clinical Terms.

Anatomic Terminology Utility Scale Scoring: 100 M ost
Frequent LOINC CT Codes

Descriptive statistics for the anatomic terminology utility scale
classesfor the five terminol ogies mappingsto anatomic regions
for the 100 most frequent LOINC codes are given in Table 3.
Kruskal-Wallis analysis shows a significant difference in at
least oneterminology mean classrank from another in the group.
Wilcoxon Rank-Sum analysis shows that both RadLex and
LOINC/RSNA terminologies ranked significantly lower (and
therefore closer to our ideal SANOPS terminology) compared
with the other terminologies (P<.001 for both), but there was
no statistical difference in the ranking of the RadLex and
L OINC/RSNA terminol ogies compared with each other (P=.15).
Low mean terminology utility class ranks for RadLex and the
LOINC/RSNA Playbook suggest that few, if any, modifications
or additional computing steps above those used for SANOPS
would be necessary to use these terminologies to support our
use case in most instances where an aert would involve a
frequently performed exam. Higher utility ranksfor the LOINC,
SNOMED, and FMA suggest that more computer resources
and/or terminol ogy modification would be necessary to employ
these terminologies for our cases.

Hypothetical Alert Firing Scenarios

Table 4 shows seven illustrative scenarios where either similar
or proximate alerts should be issued based on the anatomic
location of current and previous exams. For each exam pair, the
table indicates which anatomic terminologies would fire alerts
based on the mappings and anatomic regions in each
terminol ogy.

http://medinform.jmir.org/2017/4/e49/

In the first three scenarios, appropriate aerts would be fired
using all terminologies (similar in the first example and
proximate in the second and third). All terminologies have
concepts for the regions specified by the exam codes, and these
regions correspond with major anatomic SANOPS regions.

In the fourth scenario (prior “Head CT” and current “ Paranasal
sinus CT"), only LOINC/RSNA Playbook and RadLex would
issue appropriate similar aerts. Inthe LOINC/RSNA Playbook
and RadLex terminologies, “head” is specified as the region
imaged and body region attribute, respectively. In LOINC,
“paranasal sinuses’ isnested under “ skeletal system,” bypassing
“head.” InFMA, “paranasal sinuses’ isnested under “anatomic
spaces,” bypassing “head” In SNOMED CT, “paranasal
sinuses’ are nested under “head” in some hierarchies but bypass
“head” in others; the“head” or “ paranasal sinus’ parent or child
relation can be expressed in a “look-up” table, but this would
require an additional computing step over using SANOPS alone.

In the fifth scenario (prior “Liver CT” and current “Kidney
CT"), similar aerts are issued only with RadL ex. “Abdomen”
isthe specified body region attribute of the both liver and kidney
CT exam codes in RadLex. In the FMA, LOINC, and
LOINC/RSNA Playbook anatomic terminologies, therearelinks
from “liver” to “abdomen” but no links from “kidney” to
“abdomen.” SNOMED CT has links from both “liver” and
“kidney” to abdomen but also divergent links bypassing
“abdomen.”

In the sixth scenario (prior “Cervical spine CT” and current
“Neck CT"), no aert would be fired using any standard
terminology in an unaltered state.
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Table 4. Hypothetical aert firing examples. Exam pairs where either similar or proximate alerts should be issued based on anatomic locations. Check
marks (O0) note where appropriate alerts would fire for each exam pair using the anatomic terminology specified in column heading in its unmodified

state.
Alert Prior exam Current exam LOINC® LOINC/RSNAP  RadLex  FMASC SNOMED T4
scenario
1 Head CT® with intravenous Head CT without IV 0 0 O 0 O
(IV) contrast contrast
2 Head CT with IV contrast Neck CT without IV O O O O O
contrast
3 Elbow-bilateral CT without ~ Shoulder-right CT with O ad O ad O
contrast contrast IV
4 Head CT with IV contrast Paranasal sinuses CT O O
without 1V contrast
5 Liver CT Kidney CT without and O
with contrast IV
6 Cervical spine CT Neck CT without IV
contrast
7 Esophagus CT Chest CT

3_OINC: Logical Observation Identifiers Names and Codes.

PRSNA: Radiological Society of North America.

°FMA: Foundational Model of Anatomy.

dSNOMED CT: Systematized Nomenclature of Medicine Clinical Terms.
€CT: computed tomography.

In LOINC, LOINC/RSNA Playbook, and RadLex, the major
body region is “cervical spine” rather than “neck,” and there
are no links from “cervical spine” to “neck” FMA and
SNOMED CT both contain links from “cervical spine” to the
“neck” region but also links bypassing neck.

In the seventh scenario (prior “Esophagus CT” and current
“Chest CT"), no aert would be fired using any standard
terminology in an unaltered state. “Esophagus’ is not nested
under any body regionin LOINC, LOINC/RSNA Playbook, or
RadLex terminologies. In SNOMED CT, there are links from
“esophagus’ to “chest,” but there are also edge links bypassing
“chest” In FMA, there are circuitous edge links from
“esophagus’ to“chest” involving amix of has_part and part_of
links, necessitating a custom algorithm to appropriately fire a
similar alert.

Discussion

Principal Findings

Our analysisof anatomic terminology utility classesfor the 100
most frequent exam codes shows that RadLex and the
LOINC/RSNA Radiology Playbook terminologies outperformed
the other terminologies for our use case; however, our analysis
for the 100 random LOINC codes showed no statistically
significant differencein the performance of candidate standard
terminologieswith arange of utility classranksof 1.8210 2.44.
Our analysis suggests the LOINC/RSNA Radiology Playbook
and RadLex’s anatomic terminologies are suitable to support
proximate or similar aerts for the most frequently performed
CTs. The standard anatomic terminologies, as constructed at
the time of this analysis, may have difficulties supporting our
use case for uncommon CTs. Using the standard anatomic

http://medinform.jmir.org/2017/4/e49/

terminologies for issuing similar or proximate aerts would
likely require the use of accessory look-up tables, modification
of hierarchical relations, and/or application of SANOPS
concepts and rules.

Our hypothetical test aerting scenarios illustrated how
differences in the terminologies modeling affect each
terminology’s fithess to support the alerting use case. In
particular, the scenarios where no standard terminology
supported appropriate aerts were selected to illustrate the
difficulties of using existing terminologies, as is, for this use
case.

The primary purpose of this study was to determine whether
any of the standard anatomic terminologiesin an unaltered state
could approximate the performance of SANOPS and could
potentially support aprior CT aerting system. We a so wanted
to assess and compare each of the standard terminologies to
ascertain the effort required to adapt them for our use case. From
our analysis, given the close approximation of utility classes
for the LOINC/RSNA Playbook and RadlLex anatomic
frameworksto SANOPS for the most frequently performed CT
exams, considerably less effort would be required to adapt these
terminologiesin their unmodified state for our use as compared
with FMA or SNOMED CT.

Presently, we are collaborating with developers of the
LOINC/RSNA terminology standard. In part influenced by our
feedback, they are revising the modeling of the region imaged
attribute such that all exams are assigned one of 11 discrete
values (head, neck, chest, breast, abdomen, pelvis, extremity,
upper extremity, lower extremity, whole body, and unspecified)
[34]. This new modeling will enable us to leverage region
imaged attribute to support our use case. As SANOPS's

JMIR Med Inform 2017 | vol. 5| iss. 4| e49 | p. 9
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MEDICAL INFORMATICS

partitioning of the extremities still differsfrom LOINC/RSNA,
SANOPS extremity concepts will still be used to augment
LOINC/RSNA until such atime that LOINC/RSNA can fully
support our use case.

It should be noted that none of the five standard anatomic
terminol ogies contained adjacency information between major
body regions that we could utilize to support proximate alerts.
Therefore, to use astandard terminol ogy, we would have to use
SANOPS model of proximity and adjacency to support an
alerting system. FMA does have adjacency information
expressed as adjacent_to and bounded_by relationship links.
However, these relations are very granular (eg, esophagus
adjacent_to thoracic aorta) and are not scalable to major body
region adjacency relations. Additionally, adjacency relations
are not expressed uniformly for all FMA concepts.

It should also be noted that many instances of FMA'’s partonomy
relations link organ systems to the body regions that contain
them through homogeneous part_of links, but these relations
are not expressed with the consistency needed to fully support
our case (see esophagus to chest example above). The lack of
comprehensive partonomy relations contributes to FMA's
overall higher utility class. SNOMED CT, by contrast, through
its SEP relations had direct is_a links from organ systems to
the body regions containing them in all observed instances.
However, SNOMED CT’spolyhierarchy and aternate divergent
pathways bypassing the body regions containing the organ
systems may result in errors in linking organs back to body
regions and contributed to its overall higher utility class.

Future Considerations

In the near future, we plan to build a pilot alerting system and
to expand it to encompass other imaging modalities such as
MRI. We plan to use similar aerting rules for other modalities,
as we have for CTs, to notify users of prior same, similar, or
proximate exams. We anticipate that SANOPS concepts and
rules can aso be used to guide the utilization of any standard
anatomi c terminol ogy to support proximate or similar aertsfor
other modalities.

Limitations

The need for ongoing terminology maintenance would be a
drawback to the long-term use of SANOPS as a stand-alone

Beitiaet a

terminology. The standard terminologies are actively managed
to support other use cases, and have active user communities
that can enable more generalizable knowledge and sharing of
resources. Using SANOPS in an operational system would
require an ongoing effort to link any new standardized exam
descriptionsfrom LOINC used in our HIE to aSANOPS region.
However, SANOPS isrelatively simple with only 17 anatomic
regions. Onitsown, SANOPS requireslittle maintenance. Also,
SANOPS was never intended to be a stand-alone terminol ogy.
In our system, SANOPS extremity concepts are currently being
used to augment anatomic concepts that extend beyond the
current LOINC/RSNA Playbook.

The structure we chose for partitioning of extremities in
SANOPS is not congruent with the standard anatomic
terminologiesand currently prevents direct mapping of SANOPS
extremity concepts to “flattened” versions of these
terminologies. However, SANOPS alerting rules in the
extremities can be applied to standard terminologies by either
mapping SANOPS extremity concepts to modified large
extremity joint concepts in the standard terminologies or by
partitioning the extremities by concepts already included in the
standard terminology and then devising rules similar to
SANOPS for similar or proximate alerts. For example, if a
terminology contains conceptsfor “hip,” “thigh,” “knee,” “leg,”
and “foot or ankle,” one could use these concepts to partition
the lower extremity into categories for grouping exams by
anatomic location and then set up alerting rules accordingly.

Conclusions

Our analysis of the fitness of five standard anatomic
terminologies to support proximate or similar alertsin a prior
CT derting system suggests that modifications of these
terminol ogies based on our novel SANOPS anatomic framework
may be necessary to fully support the use case. With increased
interoperability and exchange of information across health
systems, we foresee the need for anatomic frameworks to
support similar or proximate alerts based on anatomic location.
Our work with SANOPS may serve as guidance on methodol ogy
for using any terminology to support a prior imaging exam
alerting system. Our evaluation may aso inform the future
assessment and use of these anatomic terminologies in other
clinical applications.
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