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Outline
Classification and Information Retrieval

* Historical and contextual notions
* Major Moving Parts
* Sub-languages and contexts

* Multi-axial classification (multi-dimensional)
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The Basic Challenge
Classification

* Starting with unstructured or semi-structured
information (documents)

* Assign each document to one or more
categories

* Strive to
* Minimize false assignment (precision) — get right
* Minimize failed assignment (recall) — get all
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Weights and Measures

William Farr

“The nomenclature is of as B

much importance in this

department of inquiry, as

weights and measures in
the physical sciences,
and should be settled

without delay.”

* First Annual Report of the
Registrar-General of Births,
Deaths, and Marriages in England.

London: 1839 p. 99.
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Flawed Information Model

* Carolus Linnaeus

Carl von Linné
* Genera Morborum (1763)

* Underscored Content Difficulty
* Pathophysiology vs
Manifestation
e.g. Rabies as psychiatric
disease

* L acked the Germ Theory of Disease
* Was not incorporated into an information model




The Continuum Of Biomedical Informatics
Bioinformatics meets Medical Informatics

Chasm of Semantic Despair



Chris’s Classification Project This Week
International Classification of Disease — 11th Rev

* Scientific consensus of clinical
International

Classification of p h en Oty pe

Diseases * Public Health Surveillance
* Mortality
* Public Health Morbidity

* Clinical data aggregation
* Metrics of clinical activity

* Quality management
* Patient Safety

* Financial administration
* Case mix

9

Eleventh Revision
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Classification Methodologies

* Categorization of things (unprincipled)

* Aristote
* Syllogis

ian differentia — 4t C BCE

ms and predicate logic — 13" Century

* Hierarchical assignment — Linnaeus 181" C

* Information Retrieval theory — Salton 1960s

* Natural Language Processing — Sager 1960s
* Frame Logic — Minsky 1970’s

* Description Logics — Horrocks 1990s

* Ontologies -
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Salton’s Principles
for Information Retreival

* Term Frequency
* Inverse Document Frequency

* Vector space model
* Relevance ranking of documents by similarity
* Cosine between the term vector and the document
vector

* Led to Latent Semantic Analyses
* de facto classification technique
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Term or Concept?
The joys of thesauri

* Lexical strings can have semantic equivalence
* Renal Cancer
* Carcinoma of Kidney

* Introduction of “concept-based” indexing

* Rise of meta-thesauri

* NLM/UMLS Metathesaurus

* NCI Enterprise Vocabulary System metathesaurus

* Enumerate synonyms, abbreviations, acronyms,
etc.




N
Application of Concept-based Resources

* Variable in Latent Semantic Analyses
* Assumed that machine-learning techniques can
accommodate synonymy

* Variable in Natural Language Processing
* Function of “named entity” dictionaries

* Always a function of “target” space
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Major Moving Parts
for any Classification

* The “bins”
* Categories or target for classification

* Thesauri
* Alternate names and labels for the bins

* Analytic engine
* Machinery or methods for “binning” content
* Logistic regression, neural nets, Bayesian methods
* Natural Language Processing
* Rule-based methods (DROOLs, PROLOG, etc)
* Vector-space models



wogNe
Biomedical Informatics

Traditional Hierarchical System
|ICD-10 and family




Moo momens I
Addition of structured attributes to concepts

Concept name
= Definition
=| anguage
translations
=Preferred string
=| anguage
translations
=Synonyms
=| anguage
translations
=/ndex Terms ?

/.xixi Uil
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THE CONTENT MODEL
Any Category in ICD is represented by:

ICD Concept Title
1.1. Fully Specified Name
1.2 Preferred Name
1.3 Synonyms

Classification Properties
2.1. Parents
2.2 Type
2.3. Use and Linearization(s)

Textual Definition(s)

Terms
4.1. Base Index Terms
4.2. Inclusion Terms
4.3. Exclusions

Body System/Structure
5.1. Body System(s)
5.2. Body Part(s) [Anatomical Site(s)]
5.3. Morphological Properties

Manifestation Properties

6.1. Signs & Symptoms
6.2. Investigation findings

/.

1.

12.
13.

Causal Properties

7.1. Etiology Type

7.2. Causal Properties - Agents

7.3. Causal Properties - Causal Mechanisms
7.4. Genomic Linkages

7.5. Risk Factors

Temporal Properties
8.1. Age of Occurrence & Occurrence
8.2. Development Course/Stage

Severity of Subtypes Properties

Functioning Properties

10.1. Impact on Activities and Participation
10.2. Contextual factors

10.3. Body functions

Specific Condition Properties

11.1 Biological Sex

11.2. Life-Cycle Properties

Treatment Properties

Diagnostic Criteria

Frequency



emonon ormace
Addition of semantic arcs - Ontology

Relationships
=|_ogical Definitions
=Etiology
=(Genomic
=|_ocation

= aterality N2\ ]A\‘ dl //

=Histology
=Severity
=Acuity

18
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Linear views may serve multiple use-cases
Morbidity, Mortality, Quality, ...

[-] ICD10WHO
[-]1CD10 Certain conditions originating in the perinatal period (CHAPTER XVI)(P00-P96)
[-]1CD10 Birth trauma(P10-P15)

[-]1CD10 Birth injury to peripheral nervous system(P14)
[+] ICD10 Birth injuries to other parts of peripheral nervous system(P14.8)
[+] 1CD10 Birth injury to peripheral nervous system unspecified(P14.9)
[+]1CD10 Erb's paralysis due to birth injury(P14.0)
[+] ICD10 Klumpke's paralysis due to birth injury(P14.1)
[+] 1CD10 Other brachial plexus birth injuries(P14.3) %
[+] ICD10 Phrenic nerve paralysis due to birth injury(P14.2)

[-]1CD10 Birth injury to scalp(P12)
[+] ICD10 Birth injury to scalp unspecified(P12.9)
[+] ICD10 Bruising of scalp due to birth injury(P12.3)
[+] 1CD10 Cephalhaematoma due to birth injury(P12.0)
[+] ICD10 Chignon due to birth injury(P12.1)
[+] 1CD10 Epicranial subaponeurotic haemorrhage due to birth injury(P12.2)
[+] ICD10 Monitoring injury of scalp of newborn(P12.4)
[+] 1CD10 Other birth injuries to scalp(P12.8)

[-] 1CD10 Birth injury to skeleton(P13)

[+] ICD10 Birth injuries to other parts of skeleton(P13.8)
/ [+] 1CD10 Birth injury to femur(P13.2)

[+] ICD10 Birth injury to other long bones(P13.3)
[+] 1CD10 Birth injury to skeleton unspecified(P13.9)
[+] ICD10 Fracture of clavicle due to birth injury(P13.4)
[+] ICD10 Fracture of skull due to birth injury(P13.0)
\ [+] 1CD10 Other birth injuries to skull(P13.1)
[-11CD10 Intracranial laceration and haemarrhage due to birth injury(P10)
[+]1CD10 Cerebral haemorrhage due to birth injury(P10.1)
[+] ICD10 Intraventricular haemarrhage due to birth injury(P10.2)
[+] 1CD10 Other intracranial lacerations and haemorrhages due to birth injury(P10.8)
[+11CD10 Subarachnoid haemorrhaae due to birth iniurv(P10.3)

A

L

[-] ICD10WHO
[-]1CD10 Certain conditions originating in the perinatal period (CHAPTER XVI)(P00-P6)
[-11CD10 Birth trauma(P10-P15)
[-]1CD10 Birth injury to peripheral nenvous system(P14)
[+] IED10 Bith injuries to other parts of peripheral nenvous system(P14.8)
[+] ICDA0 Birth injury to peripheral nervous system unspecified(P14.9)
[+] ICD10 Exbs paralysis due to birth injury(P 14.0)
[+] 1CD10 Klumpke's paralysis due to birth injury(P14.1)
[+]1CDA0 Other brachial plexus birth injuries(P14.3) &
[+]1CD10 Phrenic newve paralysis due to birth injury(P14.2)
[-]1CD10 Bith injury to scalp(P12)
[+]1CDA0 Birth injury to scalp unspecified(P12.9)
[+] 1CD10 Bruising of scalp due to birth injury(P12.3)
[+] ICD10 Cephalhaematoma due to birth injury(P12.0)
[+] IED10 Chignon due to bitth injury(P12.1)
[
[
5

[+] ICD10 Epicranial subaponeurotic haemorthage due to birth injury(P12.2)
+] ICD110 Monitoring injury of scalp of newborn(P12.4)
+] ICDH0 Other birth injuries to scalp(P12.8)
[-] ICD10 Bitth injury to skeleton(P13)
[+]1CD10 Birth injuries to other parts of skeleton(P13.6)
[+] ICD10 Birth injury to femur(P13.2)
[+]1CDA0 Bitth injury to other long bones(P13.3)
[+] ICD10 Birth injury to skeleton unspecified(P13.9)
[
[

+] ICD10 Fracture of clavicle due to birth injury(P13.4)
+] ICDH0 Fracture of skull due to bitth injury(P13.0)
[+]1CDA0 Other birth injuries to skull(P13.1)

[-] ICD10 Intracranial laceration and haemorrhage due to birth injury(P10)
[+] 1CD10 Cerebral haemorrhage due to bitth injury(P10.1)
[+] ICDA0 Intraventricular haemorrhage due to birth injury(P10.2)
[+] 1D10 Other intracranial lacerations and haemarthages due to birth injury(P10.6)
+11CD10 Subarachnoid hasmorrhae due to birth iniurv(P10.3)

19
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Classifications

* Statistical — mutually exclusive and exhaustive
* Goal Is not to count things twice
* |ICD is a classic example — arbitrary hierarchy

* Comprehensive — exhaustive

* Hierarchical
* Must not create “cycles” in graph tracing
* Acyclic directed graphs

* Convenience — multiple assignment OK
* Often not comprehensive
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* A common vocabulary

* A shared exchange
* among people
°* among software agents
* between people and
software

* Facilitates Data Re-use

* Vocabulary standards to
allow interoperability
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Formal Ontology

* Based upon Description Logic
* Computable subset of First Order Predicate Logic
* OWL - Web Ontology Language most familiar

* Concepts
* Properties and attributes of concepts
* Constraints on properties and attributes
* Instances

* The components of ontologies
* Classes
* Attributes
* Relations
* AXioms
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Are there any practical
“Formal Ontology”

* May be an oxymoron

* Description Logics cannot accommodate
probability — “usually true” relationships

* SNOMED

* Most concepts still primitive

* Description Logic definitions — while true, are not
useful

* Myocardial Infraction — death of myocytes

* Gene Ontology
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Sub-language Theory
In machine translation

* Whole, random document input - X QA QA Gk ¢

* Performance is typically laughable
* Bablefish programs
* Cannot disambiguate

* Domain constrained * % Y¥ 5%

* Dramatic improvement in performance
* Context constrains allowable meaning

* Sub-section training within domain % % % %
* Precipitation section of a weather report



Generalization of Sub-language
to Healthcare Documents - Clinical Dictations

* Natural Language Processing on random

clinical documents * Y Y
*NLP on Discharge Summary * %k Y e
* NLP on Radiology Report * % K
* NLP on “impression” of radiology

report * Kk %k K

Past medical history, eye exam, family history, ...



emonon ormace
Generalization of Sub-Language
to NIH Portfolio

* Recognize that grants have logical structure
* Abstract, Aims, Public statements, etc.

* Have much more “implicit” structure
* Background, significance, previous work, methods

* How much “structure” can be inferred from
existing grant submissions?

* How much “structure” can be
encouraged/required from future submissions?
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Some Observations on the RCDC
Research, Condition, and Disease Categorization

* Categories are highly discordant
* Common conditions - Cardiovascular
* Rare diseases - Batten Disease
* Social cultural states — Underage Drinking
* Research functions - Clinical Trials
* Domains - Mind and Body
* Demographic — Pediatric
* Goals - Youth Violence Prevention
* Substances — Estrogen

* Challenge of overlapping categories



N
Topic vs. Impact Problem

* Grants about specific topics
* specific gene pathway

* Relevant to large domain topics
* Cancer risk

* | everage knowledge-bases
* Association between concepts asserted outside
grant
* Ontologic principles

* Crucial to inclusiveness metrics
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Secondary Use of EHR data SH ARPn X %r%

Themes & Projects D I
Themes | Projects | Players
_§ Clinical Data Normalization IBM, Mayo, Utah, Agilex
© c
= | £ % Harvard, Group Health,
% §v = Natural Language Processing IBM, Utah ,Mayo, MIT,
ch é £ (NLP) SUNY, i2b2, Pittsburgh,
© o L Colorado
S 2 5
S © . . CDISC, Centerphase,
s 3 High-Throughput Phenotyping Mayo, Utah
O L1l
© ' -
c  UIMAand Scaling Capacity IBM, Mayo
3
E Data Quality Mayo, Utah
3 .
<= Evaluation Framework AlEr b RIS, tilei
N Utah
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Fully Automated Classification
Ready for Prime-Time?

N0O.

* Most serious researchers would give a qualified

* Realistic and practical only under highly specific

circumstances (sub-language, narrow domain)

* Met
* Whi

nods are st

e some NL

classification re

* NLM is among world leaders
* Still uses human over-read for MeSH assignment

| In active research
P s commodity, large-scale

mains unsolved



Advice
Sub-language domains

* Consider a multi-dimensional classification

* Assignment within homogenous categories
* Mutually exclusive options within domain — with “None”

* Diseases, demographics, functions, cultural issues
* Techniques, substances, topic domains

* Consider increasing sub-structure of submissions
* Hypothesis, impact, significance, methods,

* Train classifiers specific to each sub-structure
and for each dimension

* Engage the NLM in these processes
* There is still a lot of R&D to make practical tools -



