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Questions

e What is exactly the patient’ s problem?
— Are liver tests and weight loss due to Lipitor?
— When did she use Lipitor?
— What was the weight on what date?

* Impossible to review all notes!
— Which notes are relevant to current symptoms?
— Which have notes have weights and drug information?
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EHR/Data Warehouse to the
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What happened to Cholesterol?

 She was on Lipitor, but:
— When was it discontinued?
— Did it do anything to her lipid levels?



NLP to the rescue!

e Sort 33 identified Clinical Notes on date

First note is from 1997
— Lipitor is highlighted in the note

— ...Dr. X recommended discontinuation of Pravachol and
initiation of Lipitor ... have written a prescription for Lipitor

Last note is from 2005

— ... Lipitor was discontinued in 2004 ...
— March 2004 note confirms discontinuation



Complete Picture
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NLP Areas of Research

e Part of speech tagging

e Parsing — constituency and dependency

e Predicate-argument structure (semantic role labeling)

e Named entity recognition

 Word sense disambiguation

e Relation discovery and classification

e Discourse parsing (text cohesiveness)

 Language generation

e Machine translation

* Summarization

e Creating datasets to be used for learning
— a.k.a. computable gold annotations

— Active learning
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NLP: Example 1

| saw the man with the telescope.

wl w2 w3 w4 wb w6 w7/

pronoun verb article noun prep article noun

N v ) — __—
NP VP NP

N v J N v J - ~ J ——
NP VP NP PP

P ol
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NLP: Example 2

| saw the man with the stethoscope.

wl w2 w3 w4 wb w6 w7/

pronoun verb article noun prep article noun

NP VP NP

P ol
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How do we get the semantics?
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Clinical Text Analysis and Knowledge Extraction
System (cTAKES)
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Mayo clinical Text Analysis and Knowledge Extraction
System (cTAKES): architecture, component
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ABSTRACT

We aim to build and evaluate an apan-source natural
language procassing systam for information extraction
from electonic madical recard clinical free-text. We
describa and evaluate our system, the clinical Text
Analysis and Knowledge Extraction System (cTAKES),
released open-source at https/Aeswew ohnlpoong.

The cTAKES builds on existing open-sounce
technologes—the Unstructured Information
Management Architacture framawork and OpenMLP
natural langusge procassing toolkit. Its componants,
speacifically trained for the cinical domain, create nch
linguistic and semantic annotations. Pafarmance of
individual componants: sentencs boundary detector
accuracy=09493; tokenizer accuracy=0.949; part-of-
speach tagger acouracy—=0938; shallow parser F-
seome=>0924; named antity recognizer and systam-leval
avaluation F-score=0.715 for exact and 0.824 for
overlapping spans, and accowacy for concept mapping,
negation, and status attributes for exact and overlapping
spans of 0957, 0843, 0859, and 0.580, 0.939, and
0,839, respactivaly. Dvarall parfomance is discussed
against five applications. The cTAKES annotations ane
the foundation for methods and modules for highear-level
samantic processing of clinical freae-text.

INTRODUCTION

The electronic medical record (EBME) is a rich source
of clirical information. It has been advocated that
EME adoption is a key to solving problems related
to gquality of care, clinical decision support, and
reliable information ow among individuals and
departments participating in patient care.! The
abundance of unstructured textual data in the EME

MLE system  designed to process and extract
semantically wviable information to support the
heterogeneous clindeal research domain and to be
sufficiently scalable and robust to meet the rigors of
a clinical research production environment. This
paper describes and  evaluates ocur system—the
clinical Text Analysis and Enowledge Extraction
System (e TAKES).

BACKGROUND

The clinical narrative has unigque characteristics
that differentiate it From  scentific  biomedical
literature and the general domain,  requiring
a Focused effort around methodologies within the
clinical MLP field ® Columbia University's proprie-
tary Medical Language Extraction and Encoding
System (MedLEE)” was designed to process radi-
ology reports, later extended to other domains,®
and tested For transferability to another institu-
tion® MedLEE discovers clinical concepts along
wiith a set of modifiers. Health Information Text
Extraction (HITEx)® 7 is an open-source clindeal
MLE system From Brigham and Women's Hospital
and Harvard Medical School incorporated sweithin
the Informatics For Dobe ggratmg Biology and the
Bedside  (i2b2)  toolset® IBB's BioTeKS® and
MedEATY were developed as biomedical domain
MLE systems. SymText and MPLUS™ ' have been
applied to extract the interpretations of lung
scans'® to detect pneumonia® and central venous
catheters mentions '*  Other  tools  developed
primarily for processing biomedical scholacly arti-
cles mdud.e the Mational Library of Medicine
Metabdap, 'S providing mappings to the Unified
Bedical L.ani%u.age- System (UBALS) Metathesaurus
COnCEpLs, those from the Mational Cenver For
Text  Mining lab 2 and

(MaCTebA),® JULIE
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Towards comprehensive syntactic and semantic
annotations of the clinical narrative

Daniel Albright,” Arrick Lanfranchi,’ Anwen Fredriksen,’ William F Styler 1V,
Colin Warner,? Jena D Hwang,' Jinho D Choi,?> Dmitriy Dligach,” Rodney D Nielsen,'”

James Martin,®> Wayne Ward,

ABSTRACT

Objective To create annotated clinical narratives with
layers of syntactic and semantic labels to facilitate
advances in clinical natural language processing (MLP).
To develop NLP algorithms and open source components.
Methods Manual annoctation of a clinical narrative
corpus of 127 606 tokens following the Treebank schema
for syntactic information, PropBank schema for
predicate-argument structures, and the Unified Medical
Language System (UMLS) schema for semantic
information. NLP components were developed.

Results The final corpus consists of 13 021 sentences
containing 1772 distinct predicate lemmas. Of the 766
newly created PropBank frames, 74 are verbs. There are
28 539 named entity (NE) annotations spread over 15
UMNLS semantic groups, one UMLS semantic type, and the
Person semantic category. The most frequent annotations
belong to the UMLS semantic groups of Procedures
(15.719%), Disorders (14.74%), Concepts and ldeas
(15.10%), Anatomy (12.80%), Chemicals and Drugs
(7.49%), and the UMLS semantic type of Sign or
Symptom (12.46%). Inter-annotator agreement results:
Treebank (0.926), PropBank (0.891—-0.931), NE
(0.697—-0.750). The part-of-speech tagger, constituency
parser, dependency parser, and semantic role labeler are
built from the corpus and released open source. A
significant limitation uncovered by this project is the need
for the NLP community to develop a widely agreed-upon
schema for the annotation of dinical concepts and their
relations.

Conclusions This project takes a foundational step
towards bringing the field of dinical NLP up to par with
MLP in the general domain. The corpus creation and NLP
components provide a resource for research and
application development that would have been previously
impossible.
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other), the level of certaimty associated with an
event (confirmed, possible, negated) as well as
textual mentions that point to the same event. We
describe our efforts to combine annotation tvpes
developed for general domain syntactic and seman-
tic parsing with medical-domain-specific annota-
tions to create annotated documents accessible to a
variety of methods of analysis including algorithm
and component development. We evaluate the
quality of our annotations by training supervised
systems to perform the same annotations automatic-
ally. Our effort focuses on developing principled
and generalizable enabling computatonal technolo-
gies and addresses the urgent need for annotared
clinical narratives necessary to improve the accuracy
of tools for extracting comprehensive clinical infor-
mation.' These tools can in turn be used in clinical
decision support systems, clinical research combin-
ing phenotyvpe and genotype data, quality conwuol,
comparative effectiveness, and medication reconcili-
ation to name a few biomedical applications.

In the past decade, the general namral language
processing (INLP) community has made enormous
strides in solving difficult tasks, such as identifying
the predicate-argument structure of a sentence and
associated semantic roles, temporal relations, and
coreference which enable the abstraction of the
meaning from its surface textual form. These devel-
opments have been spurred by the targered enrich-
ment of general annotated resources (such as the
Penn Treebank (PTB)*) with increasingly complex
layers of annotations, each building upon the prewvi-
ous one, the most recent layer being the discourse
level.? The emergence of other annotation standards
(such as PropBank® for the annotation of the sen-
tence predicarte-argument structure) has brought
new progress in the annotation of semantic informa-

Harvard-MIT Division of
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", About Apache cTAKES x g = |&] 32

& - C [ cizkes.apache.org ]
N The Apache Software Foundation
jI<ES http://www.apache.org/
General Welcome to Apache cTAKES
About
Getting Started
Downloads Apache clinical Text Analysis and Knowledge Extraction System (cTAKES) is an open-source natural language processing system for information extraction from electronic medical record clinical free-text. It processes clinical notes, identifying types

of clinical named entities from various dictionaries including the Unified Medical Language System (UMLS) - medications, diseases/disorders, signs/symptoms, anatomical sites and procedures. Each named entity has attributes for the text span, the

Glossary
Amhwesj ontology mapping code, subject (patient, family member, etc_) and context (negated/not negated, conditional, generic, degree of certainty). Some of the attributes are expressed as relations, for example the location of a clinical condition (locationOf
relation) or the severity of a clinical condition (degreeOf relation).
Community X . " X
oy Apache cTAKES was built using the Apache UIMA Unstructured Information Management Architecture engineering framework and Apache OpenNLP natural language processing toolkit. lts components are specifically trained for the clinical domain
Get Involved " ; o . N . N
Bug Tracker out of diverse manually annotated datasets, and create rich linguistic and semantic annotations that can be utilized by clinical decision support systems and clinical research. cTAKES has been used in a variety of use cases in the domain of
- g‘ T biomedicine such as phenotype discovery, translational science, pharmacogenomics and pharmacogenetics.
dailling Lists
People Apache cTAKES employs a number of rule-based and machine leaming methods. Apache c TAKES components include:
License
History 1. Sentence boundary detection
Community FAQs 2. Tokenization (rule-based)
Users 3. Morphologic normalization
User Guide 4. POS tagging
User FAQs 5. Shallow parsing
Developers 6. Named Entity Recognition
Developer Guide o Dictionary mapping
Developer FAQs < Semantic typing is based on these UMLS semantic types: diseases/disorders, signs/symptoms, anatomical sites, procedures, medications
PMC 7. Assertion module

PMC FAQs
Release Guide

@

. Dependency parser

9. Constituency parser
ASF_ 10. Semantic Role Labeler
Apache Software Foundation
11. Coreference resolver
Thanks
Become a Sponsor 12. Relation extractor

13. Drug Profile module
14. Smoking status classifier

The goal of cTAKES is to be a world-class natural language processing system in the healthcare domain. cTAKES can be used in a great variety of retrievals and use cases. It is intended to be modular and expandable at the information model and
method level. The cTAKES community is committed to best practices and R&D (research and development) by using cutting edge technologies and novel research. The idea is to quickly translate the best performing methods into c TAKES code.

Copyright ® 2011 The Apache Software Foundation, Licensed under the Apachs License, Varsion 2.0
Apache and the Apache feather logo are trademarks of The Apache Software Foundation

ctakes.apache.org
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Recent Developments

* CTAKES

— Top-level Apache Software Foundation project (as of March 22,
2013)

— many new components for semantic processing

— multi-institutional contributions (not an exhaustive list and in no
particular order)

Boston Childrens Hospital

Mayo Clinic

University of Colorado

MITRE

MIT

Seattle Group Health Cooperative
University of California, San Diego

o

"3 Boston Children's Hospital
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Germany
Visits: 225

| 2 .B03

Boston Children’s Hospital

Apache cTAKES Usage

10.

11.

12,

13.

14,

15.

16.

17.

18.

19.

20.

United States
India

China
Germany
Canada
United Kingdom
South Korea
Japan
Taiwan

(not set)
France
Australia
Turkey

Italy

Spain

Brazil
Sweden
Russia
Switzerland

Greece

2,803

8

28

27

26

2.85

2.32

1.74

2.04

2.46

2.28

2.58

1.74

1.81

2.40

3.60

2.36

2.26

3.53

1.86

293

3.88

00:03:12

00:02:58

00:01:07

00:01:19

00:02:47

00:01:39

00:01:21

00:01:57

00:01:51

00:00:42

00:01:03

00:04:24

00:01:14

00:00:58

00:04:39

00:02:17

00:03:33

00:01:19

00:01:27

00:04:04
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43.92%

54.11%

88.43%

48.44%

29.73%

78.38%

59.70%

53.03%

53.45%

96.55%

70.83%

73.33%

42.22%

92.86%

70.73%

94.87%

66.67%

96.43%

74.07%

46.15%
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Why ASF?

ASF provides necessary parts for a community driven project to succeed:
|Infrastructure

— Compile Servers
— Jira Issues Tracking
— Mail Servers/Mailing Lists
— SVN/MVN Repositories
—  Wiki
eGovernance Framework
— Meritocracy
— Voting process

— Organization Structure
(user | developer | committer | PMC member | PMC chair | ASF member)

http://www.apache.org/foundation/how-it-works.html
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http://www.apache.org/foundation/how-it-works.html
http://www.apache.org/foundation/how-it-works.html
http://www.apache.org/foundation/how-it-works.html
http://www.apache.org/foundation/how-it-works.html

The Apache Way

e collaborative software development

e commercial-friendly standard license

e consistently high quality software

e respectful, honest, technical-based interaction
e faithful implementation of standards

* security as a mandatory feature

e keep things as public as possible

apache.org/foundation/how-it-works.html#management



Presenter
Presentation Notes
Unofficial list

http://apache.org/foundation/how-it-works.html
http://apache.org/foundation/how-it-works.html
http://apache.org/foundation/how-it-works.html
http://apache.org/foundation/how-it-works.html
http://apache.org/foundation/how-it-works.html

Get Involved!

 Youdon't need to be a software developer to contribute to Apache cTAKES

— provide feedback

— write or update documentation

— help new users

— recommend the project to others

— test the code and report bugs

— fix bugs

— give us feedback on required features
— write and update the software

— create artwork

— anything you can see that needs doing

* All of these contributions help to keep a project active and strengthen the community.
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Mailing Lists
Subscribe:

eDevelopment List: dev-subscribe@ctakes.apache.org
eCommits List: commits-subscribe@ctakes.apache.org

eUsers List: user-subscribe@ctakes.apache.org
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cTAKES: Components

Sentence boundary detection (OpenNLP technology)
Tokenization (rule-based)

Morphologic normalization (NLM’s LVG)

POS tagging (OpenNLP technology)

Shallow parsing (OpenNLP technology)

Named Entity Recognition
Dictionary mapping (lookup algorithm)
Machine learning (MAWUI)

types: diseases/disorders, signs/symptoms, anatomical sites, procedures, medications
Negation and context identification (NegEx)
Dependency parser
Constituency parser
Dependency based Semantic Role Labeling
Relation Extraction
Coreference module
Drug Profile module

Smoking status classifier

Clinical Element Model (CEM) normalization module
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cTAKES Technical Details

® QOpen source

* Apache Software Foundation project
Java 1.6 or higher
Dependency on UMLS which requires a UMLS license (free)

®* Framework

Apache Unstructured Information Management Architecture (UIMA)
engineering framework

®* Methods
Natural Language Processing methods (NLP)

Based on standards and conventions to foster interoperability

® Application
High-throughput system

-
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Toolkits used

e Don’t reinvent the Wheel!
— UIMA
— UIMA-AS
— OpenNLP
— clearTK
— uimaFIT

Component implementation, instantiation, definition, execution via Java
code w/o xml descriptors.

Utils
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cTAKES Type System

-
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~ g age - Madic anceDosig

= gligratiom @ Msds atonliination

- wrailiate | Dade

- skskDate ; ke

= T | WediiargnForm

- Tesgjuaniy - Madid stesFraqusncy

- fiairie | MedicationRoute

- Atreragih - MedicationSirength

-~ refativeTemparatContext - TemporalEelation

Procedure

- Bolvlareraling | Beeylataralimyg

- katlyLotaion | Locatiarel

- botySade | Bodyside

= device  ProcechueDedos

- thuration ; Temporalfelatice

- endTime : Fime

~ meethod - Froced urekethod

- glarfFima ; Time

- relstivel emporalContest - Termporalfelation

< by Side | BodySide
- Course | CotEe
- gduration ; TemmporalRelation
= pogd Tires - Time
- imxacerhatmgFactor © Element®elation
~ wewerity ; Siring
- startTime : Fime
redathva Temporal C onbeat © Terporal Relation

Diseaselisordar

- alievigtingFachor : HementRelalion
- aasnriavedRgniymatom | Manilestationf
~ bedylaieraey | BodyLaterality
= Byl o ating | LocatinniCd
- by Side - BodySadi

courie S Course
= gluratice - TemparaRelation
- grad Tieng © Time
- gxacerbafingFactar ; BarmereRelatios
= atartTiemi ; Thik

AR edarinn

FatieT, &0 T

Lalks

T —

- abnormallnterpretation - DegreeDf
daliaFlag - LabDeftaFag
- Lalalis | fRr
- ardinalinterpretacion | DegresOrl
e noeRlanniiarrative - LabBelenenceRange

CEM - ins pived Suvrypas

Chinical Elenem Modets (CEM) are
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Additional Spanned Types

¢ Relation Types N, Annotation
RelationArgumenit Top 1 - Begin - I
i it [ -amd
=~ AFGUETENT T AN TR
-role:Swing 5
- participarecin ;. FSLisT .-'"_5 tic Types / 5
- TreebankNode
CoblectionRelation Relation CoanliDependencyMode = g Ty | SEring
: i s - nodealue ; String
- mambers : Falist = = ik ik = id iy = aaf : bookean
= Categury - 3ring - fnem : SEring = parent : TreebankMode
- ulscmrﬂelmmu&. SFir - lemma : 5tring = children : F3Armay
- ;ﬁahr?{:-m;: Daible = €postag - String - nodeTags : Falmay
CoreferenceRelation :; ; = QESTAR o SEring
- GNCEFIAiY © SR = feats : SEring ‘52,!
= head - ConliDependanoyode
“\-\_\‘ .r.fii -~ deprel : Sring Terminal TreebankNode
u - phead ;| ConliDependencytiode
ML SRelation BinaryTextRelation = pdepre| : Siring - I::ﬂ:::lru:wu: et
= argl ;| RelationArgument
= argd * Relabiondrgumem s S S stanfordDependency
k7 TepTreehankNode
g
- BregbankParse  SEing
SemanticRale = tarmanals - FaArray
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_H'l




UMLS, Named Entity Recognition
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UMLS Semantic Types, Groups and
Relations

e UMLS (Unified Medical Language System) was
developed to help with cross-linguistic
translation of medical concepts

 Bodenreider and McCray (see Table 1 and
Figure 3)
http://semanticnetwork.nlm.nih.gov/SemGroups/Pap
ers/2003-medinfo-atm.pdf

e http://clear.colorado.edu/compsem/documents/umils

guidelines.pdf

(o) Children’s Hospital Boston Harvard-MIT Division of :;-'
L_ ) Informatics Program Health Sciences and Technology @\ ® 4&F
\ﬁ“



http://semanticnetwork.nlm.nih.gov/SemGroups/Papers/2003-medinfo-atm.pdf
http://semanticnetwork.nlm.nih.gov/SemGroups/Papers/2003-medinfo-atm.pdf
http://clear.colorado.edu/compsem/documents/umls_guidelines.pdf
http://clear.colorado.edu/compsem/documents/umls_guidelines.pdf

UMLS Example

 The patient underwent a radical
tonsillectomy (with additional right neck
dissection) for metastatic squamous cell
carcinoma. He returns with a recent history

of active bleeding from his oropharynx.
Example LMLS annatations:

Enintics

| paanicit |: Ferson

[radical tongillectomy (with additional right neck dissection]]: Proceduse
| ezl tonsillectomy |: Frocedane

| addineess] aght neck dissection): Procedure

[nght neck|: Anatomy

| metastalic sguamous coll carcmoma |: Disonder

[aeive Bleadmg Irom hig ceopharvns s Dusoedir

[active bleeding]: Dhisorder

DA mx]: Amiomy

T, (-
/g% ' Children’s Hospital Boston Harvard-MIT Division of g &= o0
L_ J Informatics Program Health Sciences and Technology @\ ® 4&F
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UMLS Terminology Services

e https://uts.nIm.nih.gov/home.html

— Colorectal cancer
— Ascending colon
— MS

e Named entities

— Mentions that belong to a particular semantic type (Ms.
Smith — Person; colorectal cancer — Disease/Disorder;
ascending colon — anatomical site; joint pain —
sign/symptom)

— Anything that can be referred to with a proper name

—

, | o .
/o) Children’s Hospital Boston Harvard-MIT Division of g & o0 |
L_ J Informatics Program Health Sciences and Technology @\ ® 4&F
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https://uts.nlm.nih.gov/home.html

Named Entity Recognition

 Methods for discovering mentions of particular
semantic types

— Finding the spans of text that constitute the entity
mention

— Classifying the entities according to their semantic
type
e Ambiguity in NER
— MS

e Patient diagnosed with MS
e Ms Smith was diagnhosed with RA

— e .
/o) Children’s Hospital Boston Harvard-MIT Division of g & o0 |

L_ ) Informatics Program Health Sciences and Technology @\ ® 4&F
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Normalization of Named Entities

e Assigning an ontology code to varied surface
forms
— Patient diagnosed with RA (CO003873)

— Patient diagnosed with Rheumatoid Arthritis
(CO003873)

— Patient diagnosed with atrophic arthritis
(CO003873)

"t N i
/o) Children’s Hospital Boston Harvard-MIT Division of g & o0 |
L ) Informatics Program Health Sciences and Technology @\ ® 4&F
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Attributes: Negation and Uncertainty

 Negation — entity mention is negated
— Patient denies foot joint pain.
e foot joint pain, negated
e C0458239, negated
 Uncertainty — degree of uncertainty is
associated with the entity mention

— Results suggestive of colorectal cancer.

e colorectal cancer, probable
e C1527249, probable

— s
/o) Children’s Hospital Boston Harvard-MIT Division of g & o0 |

L_ ) Informatics Program Health Sciences and Technology @\ ® 4&F
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Relation Extraction (UMLS)

|; ;‘\} Children's Hospital Boston Harvard-MIT Division of g o m _
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e Upcoming JAMIA manuscript

Dligach, Dmitriy; Bethard, Steven; Becker, Lee; Miller,
Timothy; Savova, Guergana. (in press). Discovering
body site and severity modifiers in clinical texts.
Journal of the American Medical Informatics
Association.

oy 8, w.ln { ‘*-.\-
3 H ’ . Harvard-MIT Division of i@ o
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DISORDER PHENOMENON

PERSON |
|

| |

“The patient has strep throat which is hindering her eating. We are treating it with
Azithromycin.”

!

CHEMICAL/DRUG

) il M oy -
3 ; ! - Harvard-MIT Divisionof gmog
E% Boston Children’s Hospital b e m “HST‘



DISRUPTS

“The patient has strep throat which is hindering her eating.
We are treating it with Azithromycin.”

MANAGES/TREATS

9 Lol B
3 ; ! - Harvard-MIT Divisionof gmog
E% Boston Children’s Hospital Heslth Selences and Technology m H



UMLS Relations

e UMLS relations of interest:
— LocationOf(anatomical site, disease/disorder)
— LocationOf(anatomical site, sign/symptom)
— DegreeOf(modifier, disease/disorder)

e Examples:
— LUNGS: Equal AE bilaterally, no rales, no rhonchi.
— LocationOf(lungs, rales)
— LocationOf(lungs, rhonchi)

e DegreeOf relation

— Severe headache
— DegreeOf(severe, headache)

oy 8, w.ln "*-.\-
ok . ’ . Harvard-MIT Divisionof gmm
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Modifiers

e DegreeOf
— Modifiers
— Entities
 Modifier discovery module
— Implemented in cTAKES
— BIO (Begin, Inside, Outside) representation

— Word features
— Algorithm: SVM

* Informal evaluation results

oy 8, w.ln { M-.\-
e . ’ . Harvard-MIT Division of g &= o0
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Relation Learning

e Statistical classifier
— Input: a pair of entities
— Output: relation / no relation label
* Training
— Pair up all entity pairs
— Assign a gold relation label (including NONE)
— Downsample
— Train an SVM model

 Testing
— Pair up all entities in test set
— Pass to the model
— Assign label

oy 8, w.ln 'M-.\-
ok . I . Harvard-MIT Divisionof gmm
&% Boston Children’s Hospital Heallh Bebintas snd Tedkiutlces i@# }[S]‘
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Features

 Word features e Dependency features
— Words of mentions — Distance to common ancestor
— Context words — Dependency path features
— Distance — Governing/depedent word
 Named entity features e Chunking features
— Entity types — Head word of phrases between entities
— Entity context — Phrase head context
e POS features e Wikipedia features
— POS tags of entities — Entity similarity
— POS tags between entities — Article titles

™ b s R
e . ’ . Harvard-MIT Division of g &= o0
&% Boston Children’s Hospital Heslth Selences and Technology M wHS'I1
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Annotated Data

e SHARP
Instances of LocationOf Instances of DegreeOf
80 1852 308
 ShARe

— Anatomical Sites and Disease/Disorders

Total notes | Instances of LocationOf Instances of DegreeOf

130 2190 702

D L 1 ey
3 ; ! - Harvard-MIT Divisionof gmog
e% Boston Children’s Hospital Health Sciences and Technology @2, i ST‘




Evaluation

e Two-fold cross validation
LibSVM

e Parameter search
— Kernel (Linear/RBF)
— SVM Cost parameter

— RBF gamma parameter
— Probability of keeping a negative example

e Evaluation on gold entities

oy 8, w.ln { M-.\-
e . ’ . Harvard-MIT Division of g &= o0
Boston Children’s Hospital Heslth Selences and Technology i@# T—[S'Ij



Results

F1 Score

| SHARP ShARe

LocationOf relation 0.71 0.88
DegreeOf relation 0.93 0.94

e Best parameters

— Linear kernel

— Downsampling rate: 0.5
e Best features

— Entity features

— Word features

: . . Harvard-MIT Division of g@aj — y ]
Boston Children’s Hospltal Health Sciences and Technology 5':‘-_._:' {E I IST
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Upcoming

* Events
e Temporal Expression and their normalization

e Viz tool

e Question-answering (way in the future)



Applications in Biomedicine

e Translational science and clinical investigation
— Patient cohort identification
— Phenotype extraction

— Linking patient’s phenotype and genotype
— eMERGE, PGRN, i2b2, SHARP

e Meaningful use of the EMR
e Comparative effectiveness
e Epidemiology

e C(linical practice

S AL Fy
ok . ’ . Harvard-MIT Divisionof gmm
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Processing Clinical Notes

A 43-year-old woman was diagnosed with type 234idzatesld womar| was diagnosed with type 2 diabetes
mellitus by her family physician 3 months beferklfftiss by her fanily physician 3 months before this
presentation. Her initial blood glucose was 340 engrdstgbéyburtéde initial blood glucose was 340 mg/dL.
2.5 mg once daily was prescribed. Since then, Géffomwortito2iriy off orjce daily was prescribed

blood glucose (SMBG) showed blood glucose levels of 250270
mg/dL. She was referred to an endocrinologysi for fuxthey
evaluation.

On examination, she was normotensive and\not acuiehy iil. GHer
body mass index (BMI) was 18.7 kg/m2 follo I. Her body mass

weight loss. Her thyroid was symmetrically|R=aRE=e=il SRR LR [0
reflexes absent. Her blood glucose was 272
hemoglobin Aic (HbAic) was 10.3%. A lipid pNejielelele] [V[eEIRIEE
cholesterol of 261 mg/dL, triglyceride level of 321myg; s
level of 48 mg/dL, and an LDL of 150 mg/dLl Thyroiad TCAi(@\J

was normal. Urinanalysis showed trace Retpries.

She adhered to a regular exercise program and vitamin regimen,
smoked 2 packs of cigarettes daily for the pgst 25 years, and
(imited her alcohol intake to 1 drink daily. Héhenetlen'ebrovher regular exercise program and vitamin
was diabetic. regimen, smoked 2 packs of cigarettes daily for the
past 25 years, oo

Her mother®s brother was diabetic.

P e . ¢
/g% ' Children’s Hospital Boston Harvard-MIT Division of g & o0 |
L_ J Informatics Program Health Sciences and Technology @\ ® 4&F
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Clinical Element Model

Disorder CEM
text:

code:

subject:

relative temporal context:

negation indicator:

diabetes mellitus
73211009
patient

3 months ago
not negated

Tobacco Use CEM
text:

code:

subject:

relative temporal context:

negation indicator:

smoking
365981007
patient

25 years
not negated

Disorder CEM
text:

code:

subject:

relative temporal context:

negation indicator:

diabetes mellitus
73211009
family member

not negated

Her mothers brother was diabetic.

Informatics Program

| ¢ '? \ Children's Hospital Boston
" ——

Harvard-MIT Division of g 2

Health Sciences and Technology

o
!
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Comparative Effectiveness

Disorder CEM
text:

code:

subject:

relative temporal context:

negation indicator:

diabetes mellitus
73211009
patient

3 months ago
not negated

Tobacco Use CEM
text:

code:

subject:

relative temporal context:

negation indicator:

smoking
365981007
patient

25 years
not negated

Disorder CEM
text:

code:

subject:

relative temporal context:

negation indicator:

diabetes mellitus
73211009
family member

not negated

Compare the effectiveness of different treatment
strategies (e.g., modifying target levels for glucose,
lipid, or blood pressure) in reducing cardiovascular
complications in newly diagnosed adolescents and
adults with type 2 diabetes.

Compare the effectiveness of traditional behavioral
Interventions versus economic incentives in
motivating behavior changes (e.g., weight loss,
smoking cessation, avoiding alcohol and substance
abuse) in children and adults.

l.-", Q\} Children's Hospital Boston

Harvard-MIT Division of 5 m nI S-.[l

Informatics Program Health Sciences and Technology
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Meaningful Use

Disorder CEM

text:

code:

subject:

relative temporal context:
negation indicator:

diabetes mellitus
73211009
patient

3 months ago
not negated

* Provide clinical summaries for each office visit

Tobacco Use CEM

text: smoking
code: 365981007
subject: patient
relative temporal context: 25 years

negation indicator: not negated

Disorder CEM

text: diabetes mellitus
code: 73211009
subject: family member

relative temporal context:

negation indicator: not negated

l-"";""?"'-,_ Children’s Hospital Boston
é’,-' Informatics Program

Harvard-MIT Division of = m H
Health Sciences and Technology ;' a i




Clinical Practice

Disorder CEM

text:

code:

subject:

relative temporal context:
negation indicator:

diabetes mellitus
73211009
patient

3 months ago
not negated

|""...qﬂ‘~'\."'| Children's Hospital Boston
é,-' Informatics Program

* Provide problem list and meds from the visit

Harvard-MIT Division of g m H
Health Sciences and Technology '*l%]ﬁ‘_é'
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Example: Cohort Identification

e >30MM records
e UIMA-AS

— Scale out entire pipeline
— Large Batch Processing
— Dedicated Cluster(s) running LSF

e > 96 concurrent pipelines

— Custom start/stop scripts

e Future: UIMA-DUCC

oy 8, w.ln 'M-.\-
ok . I . Harvard-MIT Divisionof gmm
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Apache cTAKES Parallel Processing

e Background:
— UIMA (2006)
— UIMA-AS (2008)
— Dedicated Cluster vs Grid Computing

e Future:

— UIMA-DUCC (2013)
(Distributed UIMA Cluster Computing)

3 BoE 8 'M-\.
i3 3 ; ! - Harvard-MIT Division of =
.Y Boston Children’s Hospital Heslih Bebincés sl Tadinaloes w T[S'Ij
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What is UIMA (you — eee —muh)?

e Unstructured Information Management Architecture
e Open source scaleable and extensible platform

e Create, integrate and deploy unstructured information
management solutions

e Many Open Source projects based on UIMA

S s vt =y
P H ’ . Harvard-MIT Division of i@ o
Q Boston Children’s Hospital Heslth Selences and Technology u ‘HS[‘




Why UIMA?

e |nteroperability — Many developers adopting UIMA

— Easy to share and re-use resources
e Precisely controlled work flow
 Good scalability abilities
e Easy to utilize modules created by 3 party developers
* Ongoing active development on new resources

e . . . Harvard-MIT Division of gt m
Q BOStOI"I Chlldrens Hospltal Health Sciences and Technology m ‘l__[Sl"




Apache cTAKES UIMA-AS

Harvard-MIT Division of 3
Health Sciences and Technology
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Apache cTAKES Pipeline Deploy

e Define Pipeline (aggregateplaintextUMLSProcessor.xml)
— Collection Reader (CR)
— Analysis Engine(s) (AE)
— Cas Consumer (CC)
e Define Deploy Descriptor (peployAggregateplaintextUMLStoDb.xml)
— BrokerURL
— Input/Output Queue
e Start MQ Broker

e Deploy!

oy 8, w.ln '*-.\-
ok . ’ . Harvard-MIT Divisionof gmm
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UIMA-AS Cluster Helper Scripts

oY P
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Dedicated Cluster(s) running LSF

' C' | crit-hpc-head.tch.harvard.edu:8080/platform/framework/main.action w i

IBM Platform Cluster Manager 3.2 ch150124 | Log Out | Help v | (% Refresh -
(Administrator)
Alerts (2) | Sep 20, 2013 11:47:16 EDT

Resources Dashboard | Common Tasks =
.! Critical Alerts f Warning | View All Alerts |
Critical G , Warning lE‘MastE
50 N 50 ™ 50 N
25 75 25 75 25 Z
0 100 0 100 0 100
crit-hpc-head_cluster1 e e .

| 100% OK (8) 5% CPU Usage 88% Disk Usage 77.8% SlotUsage

W0% Unavailable (0)

Sho
Resource Capacity Average CPU Us... Memory Us...
75%-100% | 75%-100% | [
GRUs i 50%-75% | 50%-75%
Cores 79 25%-50% | 25%-50%
Memory 390.9GB 0 2 4 6 8 0 3 6
GPU 0 Number of ho.. Number of ho..
s

S b B oy
3 ; ! - Harvard-MIT Divisionof gmog
Boston Children's Hospital e (%) HT




Error Handling

& Recovery

) il M oy -
3 ; ! - Harvard-MIT Divisionof gmog
Boston Children’s Hospital Health Rl S Tadticlons m “HST‘



Job Driver

— maa|

VX
Future: UIMA-DUCC ai

. ~ =1 3

eply
Queus

Application Code

Job Process

_

Duce Code

Harvard-MIT Division of
Health Sciences and Technology

Boston Children’s Hospital



Future: UIMA-DUCC

(- =l
E& ducc-mon: Apache UIMA %\
€& - C [J nlpdevix2.chip.org:42133/system.machines.jsp 77 =
@ i2b2 Web Client [ ASFCMS ', Glossary I'
System Login | Logged-out | Preferences | DuccBook B
Refresh Apache UIMA-DUCC
@ Manual Updated: 2013.06.14 16:13:56 duce-mon
— poatec: e e e Distributed UIMA Cluster Computing Menitor
© ri e
Automatic S Version: 0.8.0-beta
Utilization: 50.0% Copyrights: © 2012-2013 The Apache Software Foundation and © 2011~

2012 180

m

Search: |

Machines List
click column heading to sort

mmm Reserve(GB):size ¥ |[Memory{GB):total ¥ [Swap(GB):inuse ¥ |Alien Pids Heartbeat (last} il
1] 1

Total 8 8 23 2
up 127.0.0.1 nlpdevlx2.chip.org 8 8 0 23 2 1 29

iy,

Harvard-MIT Division of = m

Boston Children’s Hospltal Health Sciences and Technology




Demo

ctakes-gui
< 7 7 localhost:9998 ¢ ()
e [ Apple ¥ eBay Yahoo! News ¥ |_+: |
" Apache cTAKES (Demo) Logged on: admin admin B Logout
Navigation <« | D&l Process Notes
= &% Process Notes Input Text =
&4 Preview Single Doc
&4 Create New Batch Results 2
& Results patient took 50mg of aspirin for pain for his shark bite.
2 I% Configuration
@ Advanced Concept Value Begin End
5§ Administration I AL A UGG TG TN LA T U I T A T IS 4 g T w ar
LookupWind...  LookupWindowAnnotation sofa: _InitialView begin: 0 end: 7 0 7
NP NP sofa: _InitialView begin: 0 end: 7 chunkType: "NP" 0 7
WordToken WordToken sofa: _InitialView begin: 0 end: 7 tokenNumber: 0 normalizedForm: "patient” partOfSpeech: "NN" lemmaEn... 0 7
VP VP sofa: _InitialView begin: 8 end: 12 chunkType: "VP" 8 12
WordToken WordToken sofa: _InitialView begin: 8 end: 12 tokenNumber: 1 normalizedForm: "took” partOfSpeech: "VBD" lemmaEn... 8 12
. LookupWind... LookupWindowAnnotation sofa: _InitialView begin: 13 end: 56 13 56
NP NP sofa: _InitialView begin: 13 end: 56 chunkType: "NP" 13 56
WordToken WordToken sofa: _InitialView begin: 13 end: 17 tokenNumber: 2 normalizedForm: "50mg" partOfSpeech: "NNS" lemma... 13 17
PP PP sofa: _InitialView begin: 18 end: 20 chunkType: "PP" 18 20
WordToken WordToken sofa: _InitialView begin: 18 end: 20 tokenNumber: 3 normalizedForm: "of" partOfSpeech: "IN" lemmaEntri... 18 20
MedicationE... MedicationEventMention sofa: _InitialView begin: 21 end: 28 id: 0 ontologyConceptArr: FSArray typelD: 1 segmentID: ... 21 28
OntologyCo...  OntologyConcept codingScheme: "RXNORM" code: "1191" oid: "1191#RXNORM" oui: 21 28

Powered by Apache cTAKES

Health Sciences and Technology

.Y Boston Children’s Hospital SR U O g




rAnalysis Results- rText

¢ uima.tcas Annotation [73] = patient took 50mg of aspirin for severe pain in right knee.
uima.tcas.DocumentAnnotation [1]
org.apache.ctakes typesystem.type CopyDestAnnotation [0] i
l org.apache.ctakes typesystem.type. CopySrcAnnotation [0] =|
©= org.apache.ctakes typesystem type.syntax BaseToken [12] i
o org.apache.ctakes typesystem.type. syntax.Chunk [9]
org.apache.ctakes typesystem.type syntax. ConliDependencyNode [13]
o grg.apache.ctakes typesystem.type syntax TreebankMode [26] =
4] i | T»
= [3] = org.apache.ctakes typesystem type.textsem.Modifier a
4] = org.apache.ctakes typesystemn type textsem.SignSymptomMention
o sofa = uima.cas.Sofa
begin =40
end=44
id=0
o ontologyConceptArr = uima.cas.FSArray[]
typelD=3
segmentiD = <null=
sentencelD = <null=
discoveryTechnique =1
confidence = 0.0
polarity =0
uncertainty =0
conditional = false
generic =false
subject ==<null=
historyOf=0
preferredText = =null=
event=<null>
alleviatingFactor = <null=
bodylLaterality = =null=
bodySide = =null=
bodyLocation = org.apache.ctakes typesystem.type.relation LocationOfTextRelation
id=0
category = "location_of
discoveryTechnigue =0
confidence = 0.0
polarity =0
uncertainty = 0
o grg1 = org.apache.ctakes typesystem.type.relation. RelationArgument
¢ arg? = org.apache.ctakes typesystem.type.relation RelationArgument
id=10
o argument = org.apache.ctakes typesystem type textsem.AnatomicalSiteMention
role ="Related_to”
participatesin = =null=
course = =null=
duration = =null=
endTime = =null>
exacerbatingFactor = <null=
o severity = org.apache.ctakes typesystem.type relation DegreeOfTextRelation
startTime = <null=
relativeTemporalContext = =null=
o [5] = org.apache.ctakes typesystem type textsem. AnatomicalSiteMention
©- [6] = org.apache.ctakes typesystem.type textsem.Modifier
= [7] = org.apache.ctakes typesystem type textsem.AnatomicalSiteMention

-

o

[12:08:58] Done running AE RelationExfractorAgaregate in 11.061 sec. RelationExtractorAggregate.xml [Selection: 40- 44

Harvard-MIT Division o
Health Sciences and Technology

Boston Children’s Hospital




END
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Treebank Annotations
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Treebank Annotations

e Consist of part-of-speech tags, phrasal and
function tags, and empty categories organized
in a tree-like structure

e Adapted Penn’ s POS tagging guidelines,
bracketing guidelines, and associated addenda

e Extended the guidelines to account for
domain-specific characteristics

http://clear.colorado.edu/compsem/documents/treeba

nk _guidelines.pdf

wiie
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http://clear.colorado.edu/compsem/documents/treebank_guidelines.pdf
http://clear.colorado.edu/compsem/documents/treebank_guidelines.pdf

Treebank Review

The
NE'- 5B < NN —— patient Tokenization, sentence
VBD — underwent segmentation, and
DT a part of speech labels
NP < JJ radical (m bFOWH)
. NN — tonsilectomy are all done in
-LRB- ( . e
= with an initial pass.
PP JJ — additional
2 NP NP NML < nght
NN — dissection
-RRB-
for
JJ — metastatic
< NML JJ — sSqualmous
NN cell
NN — carcinoma

The patient underwent a radical tonsilectomy (with additional right neck
dissection) for metastatic squamous cell carcinoma .

l;éj\} Children’s Hospital Boston Harvard-MIT Division of ;ﬂ III 2 m s—ﬁ

'/ Informatics Program Health Sciences and Technology



Treebank Review

NP - SBJ
< NN —— patient

VBD — underwent

Phrase labels (in green) and
grammatical function tags (in
blue) are added by a parser

DT a
NP < 7 radical and then manually corrected
NN — tonsilectomy
VP
-LRB- (
IN with
PP JJ — additional
S NP JJ right
NP NML
< NN neck
NN — dissection
-RRB-
for
JJ —— squamous

< JJ — metastatic
NML
NN

NN — carcinoma

The patient underwent a radical tonsilectomy (with additional right neck

dissection) for metastatic squamous cell carcinoma .

Children’s Hospital Boston
Informatics Program

Harvard-MIT Division of
Health Sciences and Technology
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Treebank Review

In that second pass, new tokens are added for implicit and empty
arguments (in red), and grammatically linked elements are indexed

(in yellow)

Patient was seen 2/18/2001

NP -J8BJ- 1 — nn Patient
L .
< .
{ NP -1 — -NONE- *
NP - TMP — NN —— 2/18/2001

/a%)\ Children’s Hospital Boston Harvard-MIT Division of ;ﬂ !!J )

,} Informatics Program Health Sciences and Technology _ S-[l




Clinical Additions — S-RED

Clinical language is highly reduced, and often elides copula (“to be”).
-RED tag was introduced to mark clauses with elided copulas.

Patient (was) seen 2/18/2001

NP-SBJ-1 — NN Patient
S - RED K seen
NP -1 —— -NONE- i
NP - TMP —— NN —— 2/18/2001

|§} Children’s Hospital Boston Harvard-MIT Division of 5 III 2 m s-[l
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Clinical Additions — S-RED

Patient (is) having hot flashes

-RED tags are used NP [SBJ| —— ~n
for all elisions of the S-RED
copula, including

VBG
) . VP
passive voice, < JJ — hot
NP
NNS

Patient

having

progressive (top
example) and

equational clauses Elderly patient (is) in care center with cough
(bottom example).

flashes

elderly

patient

IN —in
S —: RED PP -mais < NN care
NP <

NN

IN with
BB <
NP NN

center

cough

P ol
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Clinical Additions — Null Arguments

Dropped subjects are very common in this data, and *PRO* tags are
added to represent them.

NP -SBJ-1 -~ -NONE- — *PRO*
S - RED een
NP -1 —— -NONE- *
NP-TMP — NN —— 2/18/2001
S - RED ( o _— (*PRO*) (was) Seen 2/18/2001
ADJP - PRD JJ obese

) NP - SBJ — -NONE- — *PRO*
(*PRO*) (is) Obese
S VBZ —— complains
b < IN — of
PR <
NP NN

(*PRO*) Complains of nausea

nausea

|§} Children’s Hospital Boston Harvard-MIT Division of 5 III 2 m s-[l
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Clinical Additions — FRAG

NN —— Discussion

Use of FRAG label for fragmentary

NP CC ——— and text was increased to
accommodate the various kinds of
NNS - recommendations non-clausal structures in the data.
FRAG : -
NP - SBJ] — We
g VBD discussed
VP ——  the
registry
NNS objectives
cC — and
NNS —— procedures

Discussion and recommendations: We discussed the registry objectives and procedures.

P ol
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Propbank Annotations
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What is Propbank?

e who did what to whom when where and how

e A database of syntactically parsed trees
annotated with semantic role labels

e All arguments are annotated with semantic
roles in relation to their predicate structure

e This provides training data that can identify
predicate-argument structures for individual
verbs.

() Children’s Hospital Boston Harvard-MIT Division of :;-'
L_ ) Informatics Program Health Sciences and Technology @\ ® 4&F
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Propbank Labels

Labels do not change with predicate

Meanings of core arguments 2-5 change with predicate
Arg0 proto-agent for transitive verbs

Argl proto-patient for transitive verbs

Meanings of Adjunctive args do not change

¢ O O O O ©

http://clear.colorado.edu/compsem/documents/propba
nk guidelines.pdf

oy 8, w.ln '*-.\-
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http://clear.colorado.edu/compsem/documents/propbank_guidelines.pdf
http://clear.colorado.edu/compsem/documents/propbank_guidelines.pdf

Propbank Labels

@ Arg0O = agent
@ Argl = theme / patient

@ Arg2 = benefactive / instrument/
attribute / end state

@ Arg3 = start point / benefactive / attribute
@ Arg4 = end point
@ ArgM = modifier

oy 8, w.ln { M-.\-
e . ’ . Harvard-MIT Division of g &= o0
@ Boston Children’s Hospital Heslth Selences and Technology i@# T—[S'Ij



Propbank Labels

ARGO(agent) Adverbial Manner
ARG1(patient) Cause Modal
ARG2 Direction Negation
ARG3 Discourse Purpose
ARG4 Extent Temporal
Location Predication

= i et
e . ’ . Harvard-MIT Division of g &= o0
Boston Children’s Hospital Health Sciéncss and Teshticlogy M H



Why Propbank?

e |dentifying a commonalities in predicate-
argument structures:

t diagnosing

[Dr.Z] diagnosed [Jacﬁ bronchitis] Person diagnosed

[Jack] was diagno with bronchiti

[Dr. Z’ s] diagnosis [of Jack’ s bronchitis] allowed her to treat him with the
proper antibiotics.

a5 e . "
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Presenter
Presentation Notes
Identifying the predicate – argument structure allows us to identify semantic patterns even though the syntactic realizations may change. In this example, the logical subject is “Dr. Z”. However, he can move from subject position to object position or even become an oblique argument depending on the syntax of the sentence. The role of Mr. Z as a the diagnosing doctor does not change. 

(Also, it allows us to find commonalities between these sentences. Even though the ‘person diagnosed’ may not appear every time, the possibility is provided for. )



Stages of the Propank process

e Frame Creation

Predicate: undergo

undergo: Frames file for undergo’ based on sentences in financial subcorpus.
Roleset id: undergo.01 , experience, undergo, vacls: , framnet: Undergoing
undergo.01: No Vnels. Comparison with "go through'.

Roles:

Argl: experiencer
Argl: experienced

Example: pretty typical

Periods before the advent of futures or program trading were often more volatile, usually when fundamental matket conditions were undergoing change (1973-73, 193740, and 1928-33
for example).

Argl: fundamental market conditions
Rel: undergoing
Arg2: change

P ol
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Presenter
Presentation Notes
All predicates must have a frame, which is like  a predicate-specific argument definition. There may be one or more framesets for a given word, depending on the number of sense it has. ‘Undergo’ has only one frame. A verb such as ‘keep’ has two, one for the ‘maintain possession of an item’ sense and another for the ‘aspectual’, keep on going sense. 

This frame has 2 numbered arguments that can be annotated; arg 1 for the experience and arg 2 for the thing experienced. In most cases: 
Arg 0  corresponds to the agent
Arg 1 – patient 
Arg 2 – instrument, benefactive, or attribute, 
Arg 3 – starting point, benefactive, or attribute 
Arg 4 – ending point 
There are also ArgM’s for modifiers. These include a location tag, a tag for models, temporal phrases, purposes or causes for an act, as well as others.    



Stages of Propbank

e Annotation

— Data is double annotated
— Annotators
1. Determine and select the sense of the predicate

2. Annotate the arguments for the selected predicate
sense

e Adjudication
— After data is annotated, it is passed to an adjudicator who
resolves differences between the two annotators

— This creates the gold standard — corrected, finished
training data

—
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Annotation Example

undergo undergo.0l
Prev | et |2 y - 9
gold 0:2-AEZM-THMF S:1-ARR] 6:0-rel T:1-ARCGE 9 :1-ARGHM-MNE o= I EE
gresnlm 0:2-ARCEM-TME S:1-ARC1 6:0-rel T:1-ARMEE 9 :1-ARCM-MNE ID > undlergo. 01
kastss04 0:2-BREM-THMEP S:1-aR%1 :0-rel T:1-ARCE 9 :1-ARCM-ADYV Marme : experience, undergo
Argl o experiencer
TOF Arg? . experienced
T =
T ORP-TMP 02 -ARCM-TMP
T MNP
FFF August
Z0 4
P MNP-THMF
CO 2010
T oMP-s3B| 5rl-ARGL
~MoMHE- *PRO*"
T WP
|4

WED underwent ©0-rel

S WP TIoARCI e
Argument View

[| surgical
MM resection 0 1 .
¥ PP 9 1-ARGM-MMR
11 kg 4 g PN
T MP
MMPS Drs. M —AD () M —CAL (O M—COM ()
- MML
¥ommL M-DI5 (I} M-DSF (5] M-GOL (G)
[ME Qroutt
= M -L O (L M-LYE (B M —M R (M
—— (L (E} ihy
MNP Charlie M —FEG (h} M—PRD (7} M—FRE (F)
[ Bourgeois

Informatics Program Health Sciences and Technology
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Towards comprehensive syntactic and semantic
annotations of the clinical narrative

Daniel Albright,” Arrick Lanfranchi,’ Anwen Fredriksen,’ William F Styler 1V,
Colin Warner,? Jena D Hwang,' Jinho D Choi,?> Dmitriy Dligach,” Rodney D Nielsen,'”

James Martin,®> Wayne Ward,

ABSTRACT

Objective To create annotated clinical narratives with
layers of syntactic and semantic labels to facilitate
advances in clinical natural language processing (MLP).
To develop NLP algorithms and open source components.
Methods Manual annoctation of a clinical narrative
corpus of 127 606 tokens following the Treebank schema
for syntactic information, PropBank schema for
predicate-argument structures, and the Unified Medical
Language System (UMLS) schema for semantic
information. NLP components were developed.

Results The final corpus consists of 13 021 sentences
containing 1772 distinct predicate lemmas. Of the 766
newly created PropBank frames, 74 are verbs. There are
28 539 named entity (NE) annotations spread over 15
UMNLS semantic groups, one UMLS semantic type, and the
Person semantic category. The most frequent annotations
belong to the UMLS semantic groups of Procedures
(15.719%), Disorders (14.74%), Concepts and ldeas
(15.10%), Anatomy (12.80%), Chemicals and Drugs
(7.49%), and the UMLS semantic type of Sign or
Symptom (12.46%). Inter-annotator agreement results:
Treebank (0.926), PropBank (0.891—-0.931), NE
(0.697—-0.750). The part-of-speech tagger, constituency
parser, dependency parser, and semantic role labeler are
built from the corpus and released open source. A
significant limitation uncovered by this project is the need
for the NLP community to develop a widely agreed-upon
schema for the annotation of dinical concepts and their
relations.

Conclusions This project takes a foundational step
towards bringing the field of dinical NLP up to par with
MLP in the general domain. The corpus creation and NLP
components provide a resource for research and
application development that would have been previously
impossible.

Boston Children’s Hospital

Martha Palmer,' Guergana K Savova®

other), the level of certaimty associated with an
event (confirmed, possible, negated) as well as
textual mentions that point to the same event. We
describe our efforts to combine annotation tvpes
developed for general domain syntactic and seman-
tic parsing with medical-domain-specific annota-
tions to create annotated documents accessible to a
variety of methods of analysis including algorithm
and component development. We evaluate the
quality of our annotations by training supervised
systems to perform the same annotations automatic-
ally. Our effort focuses on developing principled
and generalizable enabling computatonal technolo-
gies and addresses the urgent need for annotared
clinical narratives necessary to improve the accuracy
of tools for extracting comprehensive clinical infor-
mation.' These tools can in turn be used in clinical
decision support systems, clinical research combin-
ing phenotyvpe and genotype data, quality conwuol,
comparative effectiveness, and medication reconcili-
ation to name a few biomedical applications.

In the past decade, the general namral language
processing (INLP) community has made enormous
strides in solving difficult tasks, such as identifying
the predicate-argument structure of a sentence and
associated semantic roles, temporal relations, and
coreference which enable the abstraction of the
meaning from its surface textual form. These devel-
opments have been spurred by the targered enrich-
ment of general annotated resources (such as the
Penn Treebank (PTB)*) with increasingly complex
layers of annotations, each building upon the prewvi-
ous one, the most recent layer being the discourse
level.? The emergence of other annotation standards
(such as PropBank® for the annotation of the sen-
tence predicarte-argument structure) has brought
new progress in the annotation of semantic informa-

Harvard-MIT Division of
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