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Uses of Medical Terminologies

I Data encoding — for storage, retrieval and presentation e.g. in
EMR

I Data sharing e.g. HL7 messages

I Information indexing and retrieval e.g. MedLine, health
information websites

I Natural language processing

1 Knowledge representation e.g. gene annotation by Gene
Ontology

https://www.nlm.nih.gov/research/umls/user_education/presentations.htmi



More fun with standards: Clinical terminologies

* [ICD9/10- diagnoses for billing

* LOINC- labs

* SNOMED- all things biomedical
* RxNorm- drugs

e Unified Medical Language System (UMLS) & tools



“The Desiderata”

e Desiderata for Controlled Medical Vocabularies in the
Twenty-First Century, JJ Cimino, Methods Inf Med.
1998 Nov;37(4-5):394-403.




The Desiderata

* Coverage

* Concept Orientation
* Non-vague
* Non-overlapping
* Non-ambiguous

* Concept permanence

* Unique, Stable, Dumb
Identifiers

* Polyhierarchy

* Formal definitions

* Reject NEC!

* Evolve gracefully

* Recognize redundancy



ICD9/10

* International Classification of Diseases, overseen by World Health
Organization

* Translated into 43 languages
* For tracking morbidity & mortality
* Billing and reimbursement!

* Versions
* |CD9 adopted in US in 1979, finally transitioned to ICD10 last year
* Most other countries have been on ICD10 for years
* |CD11 currently under development- to be completed in 2018



What’s new in ICD107?

* Almost 4x as many diagnosis codes
* Documents laterality- right vs. left broken pinky toe
* Extensive severity parameters and combination codes

821.11 Open fracture of Shaft of Femur $72.352C Displaced comminuted fracture of shaft
of left femur, initial encounter for open fracture
type A, lIIB, or llIC

All codes for femur fracture =16 All codes for femur fracture = 1530



Why the changes?

 Specialties advocated capturing additional detail based on
information used in delivering patient care

* Accurate analysis of health data will help improve the quality and
efficiency of delivering patient care

* Great for people who want to analyze
health data...

EER
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l-.lNC Labs standard

From Kegenstriet

Logical Observation Identifiers Names and Codes

The Problem The Solution
You want to exchange health Map your local test codes to a
data, like labs, vitals, but local universal standard that every
systems have different ways of system can understand.
identifying the same test or
measurement.
The Result

Systems that actually recognize and aggregate data
from other institutions. Semantic interoperability.



http://en.wikipedia.org/wiki/Semantic_interoperability

Arich trove of 83,000+ standardized variables

Genetics Lifestyle
: =

https://loinc.org/slideshows/loinc-overview-and-introduction-june-2017/



But what exactly does it do?

 [f an observation is a question and the observation value is an
answetr...

* LOINC provides codes for questions
 Where needed, other vocabularies provide codes for answers



Laboratory

« Anything you can test, measure, or observe about a specimen.
» Chemistry, hematology, serology, microbiology, toxicology
 Cell counts, antibiotic susceptibilities, etc.

Chemistry

Allergy Testing
Challenge chemistry tests

Antibiotic Susceptibilities, @ cell Markers

Serology

~ “Microbiology

Drug toxicology



Clinical

* Everything except lab- anything that you can test, measure, or
observe about a patient without removing a specimen.

e Vital signs, hemodynamics, intake/output, EKG, obstetric ultrasound,
cardiac echo, urologic imaging, gastroendoscopic procedures,,

radiology studies, selected survey instruments, etc.

7
a
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Clinical Report Document

PROMIS

Tumor Registry

General Health Survey

NEURO-Qel
= Cardiac Ultrasound

OB Ultrasoun

Radlology



LOINC Example

Manual count of white blood cells in cerebral spinal fluid specimen

g &lo

COMPONENT (ANALYTE) PROPERTY

é

SYSTEM (SPECIMEN)




LOINC Term Components

1) Component (analyte) - e.g., potassium, hemoglobin, hepatitis C antigen.

2) Property measured - e.g.. a mass concentration, enzyme activity
(catalytic rate).

3) Timing - i.e., whether the measurement is an observation at a moment of
time, or an observation integrated over an extended duration of time —
e.g., 24-hour urine.

4) The type of sample - e.g., urine; blood.

5) The type of scale - e.g., whether the measurement is quantitative, ordinal,
nominal, or narrative.

6) The method used to produce the result or other observation.




Datat f It
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from LOINC SNOMED
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Code identifying this
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Conditions identified by (Phenylketonuria)
newborn screening )
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Coded Result Values

CE{coded element] Observation Identifier: LN means this code
Means the answer - =
, .. is from LOINC
will be coded this is a blood culture
4 .

OBX| |CE|600-/"Bacteria identified in Blood by Culture”LN] |
17872004 Neisseria meningitidisASCT

Kgfxx V\
\ |
AﬂSW@r ]deﬂﬁﬁer: I'. SCT means this

codeisfrom

meningococcus (trouble) ‘ SNOMEDCT




LOINC Codes Over Time by Release

90,000
80,000
70,000
60,000
50,000
40,000
30,000
20,000

10,000

PLOINC Codes
0 Only Lab LOINC Codes

1995

2000

2005

2010

2015



Clinical Pharmacogenetics Implementation
Consortium (CPIC)

* Goal: address barriers to implementation of PGX tests into clinical
practice

* Collaboration between PharmGKB and Pharmacogenomics Research
Network

* CPIC guidelines are peer-reviewed, published

* Guide for how to use genetic test results, not WHETHER tests should be
ordered

* Key assumption is that clinical high-throughput genotyping will become more

widespread
yCPIC

Clinical Pharmacogenetics
Implementation Consortium



DIG]
Infor

izE: Displaying and Integrating Genetic

mation Through the EHR

* National Academy of Medicine (formerly IOM) Roundtable Initiative

* |ssue: EHRs are not good at storing structured genomic data

* Pilot project: implement minimal infrastructure needed for clinical
decision support for 2 drug/genetic test combinations

* Abacavir requires HLA B 5701 test
e Azathioprine requires TMPT test

* NOT

* only phenotypic results of test- e.g. “has mutation”

storing genetic data directly
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LOINC and SNOMED enable clinical decision
support

LOINC CD Long Common Name
EOEEFP I HLA-B*57:01  HLA-B*57:01 [Presence]
Part Definition/Description(s)
Part of HLA-B57 allele family that is associated with Abacavir
hypersensitivity reaction (AHSR)

- 000000000000
" |seq# Answer LOINCAnswerID |SNOMED Code
I Positive ~ LA6576-8 10828004
I Negative LA6577-6 260385009




SNOMED

The global
language of
healthcare

* Created 1999 by merger of 2 existing terminologies- one focused on
specialties, one on general practice

 Owned and distributed by The International Health Terminology
Standards Development Organization (IHTSDO)

* “The most comprehensive and precise clinical health terminology
product in the world”- IHTSDO

* Not just diagnoses- all different types of terms



SNOMED CT DESIGN
ROOT
CONCEPT Concepts Attributes |dentifiers Relationships
SNOMED €T / \ (Heart failure (disorder)
( Weak heart
Cardiac failure
HF — Heart fallu

84114007
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/ SNOMED CT HIERARCHIES \
Concepts are organized into top-level
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SNOMED-CT Cont.

* Includes concept, description, relationships, plus reference sets
(groupings)
 Particularly useful for research, secondary analysis

* Available for free for research in the US since 2003

o specific documentation codes
published in the SNOMED CT

Garabasoe. THase todss coribe More codes will be vetted and
o used to populate smartnotes i submtﬂ’ed_by The Phar‘chy ey
+ 310 pop from free text s%w:  Collaborative as pharmacists
s oo fmoving/away-TronyItes-Tex g begin to document clinical
information with SNOMED CT

Pharmacists can document " R EHREHR Elig
their daily activities with
SNOMED-CT codes

P
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e
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£
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811000124107m

e 40055,

12894003 43153100
1761000124100 182100012: 42
d&aa-mncog 1 1429005 31 1401005,7,

720%@

Do you wanna build a SNOMEDmMan?

SNOMED CT database now has ready-to-use pharmacy-specific clincal codes s AAriZiNst
. Anderegg



http://browser.ihtsdotools.org/?perspective=full&conceptId1=404684003&edition=en-edition&release=v20160731&server=http://browser.ihtsdotools.org/api/snomed&langRefset=900000000000509007

NClthesaurus

Version: 17.06d (Release date: 2017-06-26)

* >100,000 concepts for clinical care, translational and basic research,
and public information and administrative activities.

* Focused more on research than SNOMED-CT (more clinical)
* Much smaller than SNOMED-CT
e Cancer-centric, but not exclusive

e Different from NCI Metathesaurus, a subset of UMLS Metathesaurus
(more on that later...)



RxNorm- Drugs &%‘5

* Normalized names for clinical drugs

* Links to many drug vocabularies commonly used in pharmacy
management and drug interaction software

* Can mediate messages between systems not using the same software and
vocabulary
* Now includes NDF-RT from the Veterans Health Administration.
* National Drug File - Reference Terminology

* Used to code clinical drug properties, including mechanism of action,
physiologic effect, and therapeutic category



RxNav Demo
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Project:
Converting free text medication data
to structured terms

MURDOCK
STUDY

J) Duke Medicine



Participant reported medications

v J\
& For office use only

MURDOCK Participant ID:
Reviewer Staff Initials:
Site ID where reviewed:

Date Reviewed: / /

mm dd yyyy

Concomitant Medication Tracking Form

Please list any pharmaceutical and/or natural medications (including vitamins) that you
are currently taking.

O Not currently taking any pharmaceutical or natural medications and/or vitamins.

Name of Medication Reason for use
(For Office Use Only)
Frozac depression

,W,a/b‘/—w’lfam)_f couliy ¢ hart

MURDOCK
STUDY

J) Duke Medicine



'.‘ l//)/d Mo BESE
Drug mapping objectlve

* Map free text to coded terminology to enable
guerying by medication

* Query by drug name (handle variations and
misspellings)
* Query by category (e.g. all SSRIs)

MURDOCK
STUDY

J) Duke Medicine
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NLM Tools

e RxNav

* RXxNorm APIs
— https://rxnav.nim.nih.gov/REST/approximate Term?term=prozak

* RxMix

MURDOCK
STUDY

J) Duke Medicine



https://rxnav.nlm.nih.gov/REST/approximateTerm?term=prozak

'.l ll/’ of

Text-> RxNorm mapplng orkflw‘

5 outcomes:
1. Perfect match- no score given
2. Exactly 1 hit with score of 100
3. N hits with score of 100, top hit is non-proprietary
4. Proprietary-only hits with score of 100
5. Score < 100

6. No match
Free text
START medication Map free text
. ) to RxMNarm
information
Query Mapto |
viaizb2 | [® WDF-RT Term (€, nr.RT

J) Duke Medicine

single RxCUI

=1

BxMNorm Terms

Top score
< threshold
3,4,5
Ranking | | |
algorithm

> threshold

Top scare
1_

MURDOCK
STUDY



I
- 1. Aspirin ' 1. Aspirin 1. Lipitor
2. Prozac | 2. Tynaloil | 2. Ed’s Amazing Vitamins
Persan 1 | I I
| I I
I I . . I
1. Aspirin ..
1. Aspirin | 5 Pfgzak ' 1. Aspirin
' 2. Fluoxetine |~ | 2. Fluoxetine
Persan 2 I : :
<>I Time >N/ W
Enroliment Year 1 Year 2
Follow up Follow up
Total: Unique: Accuracy
e Aspirin- RXCUI 1191 e Aspirin- RXCUI 1191 At the given threshold:
e Aspirin- RXCUI 1191 e Prozac- RXCUI 58827
e Aspirin- RXCUI 1191 e Prozak- RXCUI 58827 Q: What % of total entries did we code
e Aspirin- RXCUI 1191 e Fluoxetine- RXCUI 4493 correctly?
e Aspirin- RXCUI 1191 e Lipitor- RXCUI 153165 A: 83% total terms (10/12)
e Lipitor- RXCUI 153165 e Ed’s Amazing Vitamins- 777
e Prozac- RXCUI 58827 e Tynaloil- RXCUI 584198 Q: What % of unique entries did we
» Prozak- RXCUI 58827 (Tygacil) code correctly?
¢ Fluoxetine- RXCUI 4493 A: 71% unique terms (5/7)
¢ Fluoxetine- RXCUI 4493 5/7 mapped correctly
e Ed’s Amazing Vitamins- 227? 1 mapped incorrectly Q: What % of people did we get
e Tynaloil- RXCUI 584198 (Tygacil) 1 not mapped perfectly correct?
A: 50% of participants (1/2) J-\

10/12 mapped correctly MURDOGCK
1 mapped incorrectly STUDY

U Duke Medicine Ry —
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Choosing a threshold

« Break down results into classes based on score

« Determine accuracy of different classes
— Choose 100 at random
— Analyst with clinical expertise rates match

« Evaluate both accuracy and total number of terms

MURDOCK
STUDY

J) Duke Medicine



J) Duke Medicine

Breakdown of RxNorm mapping results
100,000
00,000
20,000
70,000
&0,000
Z 50,000
40,000 ~100%
30,000 A
20,000 l’ 98% 92% 62%
10,000
) — 1 _-_i_-_
A B C D E1l E2 E3
M LUnigue 2,772 17 406 BBS 3,074 7060 3,805
B Total 06,538 36 2,158 5,537 5,332 14,162 5,411

.

« A: Perfect matches
« B,C,D: Near perfect matches

 E1, E2, E3: Scores >75, >50, <50 respectively

MURDOCK
STUDY
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Conclusions

* Given threshold of 250:
— Correctly mapped ~94% (122,523) of total terms
— 5% unmapped (6,510)
—"false positive rate" (i.e. mapped, but incorrectly) of

~1% (1,240 entries)

* Poor mapping happens largely with OTC, e.g. vitamins,
minerals, supplements

* Important to consider use cases in deciding where to set
cutoff

 Changes to RxNorm were unanticipated. Caveat emptor.

MURDOCK
STUDY

J) Duke Medicine
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UMLS- Unified Medical Language System®

* NOT a vocabulary or terminology

* Collection of many terminologies, mappings between them, semantic
tags, various tools

* Enable researchers to do useful things, especially in natural language
processing



Integrating subdomains

Other
subdomains

Model
organisms

Clinical
repositories

\

| SNOMED CT |

UMLS

NCBI
Taxonomy

FMA

Anatomy

OMIM

GO

Genetic
knowledge bases

MeSH Bi.omedical
literature

Genome
annotations

https://www.nlm.nih.gov/research/umis/user_education/presentations.html



The UMLS consists of

/\ A SPECIALIST
M S

@ W Lexicon & Tools
1 million+ 135 broad lexical
biomedical categories and information and
concepts 54 relationships programs for
from over 100 between language
"l Y

——

3 Knowledge Sources
used separately or together

https://www.nlm.nih.gov/research/umls/user_education/presentations.html



Metathesaurus

* The Metathesaurus is a large, vocabulary database that contains
biomedical and health related concepts, their names, and the
relationships among them.

* The Metathesaurus contains over five million terms, or names,
organized into concepts and assigned a unique identifier.

* The Metathesaurus is not a vocabulary. It contains many
vocabularies and helps mappings between these vocabularies.

Nigam Shah 2016



Metathesaurus cont.

Term

Source Vocabulary

Atrial fibrillation

ICD-9-CM

AF

NCI Thesaurus

AFib

MedDRA

Atrial fibrillation (disorder)

SNOMED Clinical Terms

atrium; fibrillation

ICPC2-1CD10 Thesaurus




Preferred Terms

Collection of terms in the concept Hodgkin's Disease:

disease; Hodgkin

Hodgkins disease

Hodgkin Disease

Hodgkin's disease, unspecified
Hodgkin's disease, unspecified type
Hodgkin's disease (clinical)

Hodgkin's disease NOS, unspecified site
Hodgkin's disease NOS (disorder)
Hodgkin's sarcoma (clinical)

Hodgkin's sarcoma NOS

Hodgkin's sarcoma of unspecified site
Hodgkin's sarcoma of unspecified site (disorder)
Hodgkin's sarcoma-unspec. site
Hodgkin lymphoma

Lymphogranuloma, Malignant
Lymphogranulomatosis
Lymphogranulomatosis, malignant
Lymphomas Hodgkin's disease




The data files

FileName | Contents
MRCONSO Names, Synonyms, Terms, Term
Types, Codes
MRREL Relationships
MRHIER Hierarchies
MRSAT Attributes
MRDEF Definitions
MRMAP Mappings
MRSMAP Simplified Mappings
MRSTY Semantic Types

Nigam Shah 2016



4 levels of specification

* Concept Unique Identifiers (CUI) —
2,612,024

e Lexical (term) Unique Identifiers
(LUI) = 7,734,809

e String Unique ldentifiers (SUI) —
8,677,735

 Atom Unique ldentifiers (AUI) —
10,506,764

A1412439
51459113

A2882187
A0066000
50046854

headaches (BI)
headaches

Headache (SNOMED)
Headache (MeSH)
Headache

10018681 headache

A1641293
51680378

Cranial Pain (MeSH)
Cranial Pain

L1406212 cranial pain

A0418053

HEAD PAIN CEPHALGIA (DxP)

S0375902

HEAD PAIN CEPHALGIA
L0290366 cephalgia head pain

C0018681 Headache

Nigam Shah 2016



Semantic Types and Relationships

o

process of

evaluation of
] Finding Jreeeene

evaluation of

|
| |

.| Biologic |

Function

P Attribute | | cion .
Anatomical Laboratory or | Sign or d/sru/?{‘.‘i Physiologic || Pathologic
Structure Test Result | Symptom * | Funclion e

disrupts

Injury or

location of

Embryonic || Anatomical Fully Formed _ Poisc:ning :
Structure || Abnormality -~ Anatomical [« o  co-0cCUrs with
| Structure | e e
| | { ' . conceptual ;
Congenital Acquired - conceptual | ;f(’)’;i’g:s T, PAMTOT [Bogy Location |/
Abnormality || Abnormality partof | _ conceptual or Region
+ } T Sody part of ‘
conceptual . Body System Substance | . e i‘:iﬁ r?cpiiaocne ..~ adjacent to
part of i
Body Part, Organ or || Tissue ‘ Cell Cell Gene or /oca;/.';n of
Organ Component k %A | Component | Genome
part of = e
part of part of part of

https://www.nlm.nih.gov/research/umls/user_education/presentations.html



SPECIALIST Lexicon and Lexical Tools

* Treat, treats, treated, treating

* The SPECIALIST Lexicon is an English lexicon containing many words
from the biomedical domain.

— The majority of the words are nouns.

* The lexical tools are a collection of java programs that process
natural language words and terms.

— Include a normalizer, a word index generator, and a lexical variant
generator.

Nigam Shah 2016



Literature Based Discovery (LBD)

O

» Conceptual Biology?

Ctzneimer

AL BB scosi s Drug
 (Fish Oil) s : repositioning

DT8-DTN)  Nacieic Acsds Resewrch, M08, VAl 17, Dandre (vme ”amu il PioS g ¥
dod (0,093 w80 wakatle 1) comeuTRnonaL sowe

Novel Hypothesis Generation

Swanson’s ABC model

Comparative Toxicogenomics D
a knowledgebase and discovery
chemical-gene-disease networ

Allan Poter Davis, Cynthia G. Murphy, Cynthia A Sarac
Michael C. Rosensten, Thomas C. Wiegers and Carolyy

Depariment of Bonkormates, The Mourt Desert island Boiogel Lady

Facoved Jern 7. 00K Sedand Augnt 16, X0k Koowpted Augest 27, 2008

Literature Mining for the Discovery of Hidden
Connections between Drugs, Genes and Diseases

Raoul Frjters’, Marianse van Vugt’, Rubes Smests’, René van Schaik’, Jacob de Vg™, Wymasd
Mh

1 Compnatonl D Diacowey 701 Simegen (onte e Sicieindar b Scinnrs NOWLS Radhoud Uneesly Vimeges Sl (eme Smepe, e Nerin.
Wt of bntune Degets, ichetg Mo, (i, N Nttt S Dnput et of Mokl Do § Moot Shwring Ptogh, O, D Wefeted

ABSTRACT cherakcab 3 mummuwmAmwmnwmmw
The T e To we concepss b e inowledge nvienal, the ik o wek

Comparative Toxkogenamics Database (CTD) d\”'m dhad 10 dousr s MAA o4 X Bomedcal concepts & e A prince, s whch A nd
i5 3 curated database that promotes understanding 7 e o L g Soedd sk oy g

Abstract
The schamiic Requue spmsents § Ao 30wz for revienal of knowledge oo aisacatons between biomedal (oscepts

Min Song, PhD- http://slideplayer.com/slide/6429433/




Cole et al. Pediatric Rheumatology 2013

Creating clean lexicons
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Terms, concepts and codes (e.g., ICD8) form a temporal series
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