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Introduction and backgroundIntroduction and background

ÅÅMayo Clinicôs record indexing heritageMayo Clinicôs record indexing heritage

ÅÅAdvances in Natural Language Processing Advances in Natural Language Processing 
(NLP) technology(NLP) technology

ÅÅGeneral domainGeneral domain

ÅÅTransfer to biomedical and clinical Transfer to biomedical and clinical 
domainsdomains

ÅÅProduction NLP systems for the Production NLP systems for the 
biomedical and clinical domainsbiomedical and clinical domains

ÅÅMedLEEMedLEE (Friedman, 1977)(Friedman, 1977)

ÅÅMetamapMetamap (Aronson et al., 2000)(Aronson et al., 2000)

ÅÅcaTIEScaTIES, University of Pittsburg, University of Pittsburg



Frameworks for Large Volume Frameworks for Large Volume 
ProcessingProcessing

ÅÅGeneralized Architecture for Text Generalized Architecture for Text 
Engineering (GATE)Engineering (GATE)

ÅÅhttp://www.gate.ac.uk/http://www.gate.ac.uk/

ÅÅUnstructured Information Unstructured Information 
Management Architecture (UIMA)Management Architecture (UIMA)

ÅÅhttp://incubator.apache.org/uima/http://incubator.apache.org/uima/

http://www.gate.ac.uk/


Clinical Text: Document StructureClinical Text: Document Structure

ÅÅ XMLXML--based Health Level 7 Clinical based Health Level 7 Clinical 
Document Architecture (HL7 CDA)Document Architecture (HL7 CDA)
ÅÅ <Section> and <text> elements, e.g. <Section> and <text> elements, e.g. Current Current 

Medications, History of Present Illness, Past Medications, History of Present Illness, Past 
Medical History, Family History, Social Medical History, Family History, Social 

History, or Physical Exam.History, or Physical Exam.

ÅÅ Clinical content is in the <text> elementClinical content is in the <text> element

ÅÅ Beyond CDA structure, the text in each Beyond CDA structure, the text in each 
section is unstructuredsection is unstructured



Clinical Text: CharacteristicsClinical Text: Characteristics
(After Pakhomov et al., 2006)(After Pakhomov et al., 2006)

ÅÅ Incomplete sentences Incomplete sentences 

Patient appreciativePatient appreciative

ACTIVITY: as toleratedACTIVITY: as tolerated

ÅÅ Inverted constructions Inverted constructions 

Cataract, OS, moderate OS, stableCataract, OS, moderate OS, stable

ÅÅ Conversational grammarConversational grammar

Today is wifeôs retirement party.Today is wifeôs retirement party.

ÅÅ Misspellings and spelling variations Misspellings and spelling variations 

To assist with D/C plans and eventual homeTo assist with D/C plans and eventual home --going.going.

ÅÅ Abbreviations and acronymsAbbreviations and acronyms

S/P L hip #. (Status post left hip fracture)S/P L hip #. (Status post left hip fracture)



System DesignSystem Design

ÅÅRequirements: Requirements: 

ÅÅScalability (25M documents)Scalability (25M documents)

ÅÅStabilityStability

ÅÅrealreal --time processingtime processing

ÅÅdistributed processingdistributed processing

ÅÅrere--indexingindexing

ÅÅFlexibility (many applications)Flexibility (many applications)

ÅÅannotation versioningannotation versioning

ÅÅbestbest --ofof --breed breed annotatorsannotators



Named Entity RecognitionNamed Entity Recognition
ÅÅSystem discovers clinical NEs and System discovers clinical NEs and 

relevant attributes:relevant attributes:
ÅÅContext with values of Context with values of currentcurrent , , historyOfhistoryOf , and , and 

familyHistoryOffamilyHistoryOf ..

ÅÅStatus with values of Status with values of confirmedconfirmed , , possiblepossible , , 
and and negatednegated ..

ÅÅRelated_to_patient with values of Related_to_patient with values of truetrue and and 
falsefalse according to whether the information is according to whether the information is 
about the patient.about the patient.

ÅÅExample, in ñThere are no complaints Example, in ñThere are no complaints 
worrisome for recurrent metastatic worrisome for recurrent metastatic 
oropharynx cancerò, ñmetastatic oropharynx oropharynx cancerò, ñmetastatic oropharynx 
cancerò has a context of cancerò has a context of historyOf, historyOf, status of status of 

negated negated and related_to_patient is and related_to_patient is true.true.

ÅÅCodification to SNOMEDCodification to SNOMED --CTCT



Annotators Annotators -- II

ÅÅContext sensitive spell corrector Context sensitive spell corrector 
(Thomson(Thomson --McInness et al., 2004)McInness et al., 2004)

ÅÅContext free tokenizer and context Context free tokenizer and context 
dependent tokenizerdependent tokenizer

ÅÅLexical normalizer based on National Lexical normalizer based on National 
Library of Medicineôs Lexical Variant Library of Medicineôs Lexical Variant 
GeneratorGenerator

ÅÅSentence detector annotatorSentence detector annotator



Annotators Annotators -- IIII

ÅÅPartPart --ofof --speech speech taggertagger

ÅÅCorpus of clinical data pos dataCorpus of clinical data pos data

ÅÅIBM tagger (IBM tagger ( CodenCoden et al., 2005; et al., 2005; 
PakhomovPakhomov et al., 2006)et al., 2006)

ÅÅOpenNLPOpenNLP pos tagger for open source pos tagger for open source 
version. version. 

ÅÅShallow Shallow parserparser

ÅÅCurrently Currently IBM componentIBM component

ÅÅOpenNLPOpenNLP chunker  for open source chunker  for open source 
version.  version.  



Annotators Annotators -- IIIIII

ÅÅDictionary Named Entity AnnotatorDictionary Named Entity Annotator

ÅÅMachine Learning Named Entity AnnotatorMachine Learning Named Entity Annotator

ÅÅNegation detection annotator based on Negation detection annotator based on 
NegEx (Chapman et al., 2001)NegEx (Chapman et al., 2001)

ÅÅWord sense disambiguation component Word sense disambiguation component 
(Savova et al., 2008a)(Savova et al., 2008a)

ÅÅAbbreviation disambiguation annotator Abbreviation disambiguation annotator 
(Pakhomov, 2002)(Pakhomov, 2002)



Evaluation: PartEvaluation: Part --ofof --speech Taggingspeech Tagging

ÅÅPOS taggerPOS tagger

ÅÅTnTTnT ((PakhomovPakhomov et al., 2006)et al., 2006)

ÅÅTrained on combination of Trained on combination of 
PennTreebankPennTreebank and Mayo dataand Mayo data

ÅÅ94.7% accuracy94.7% accuracy

ÅÅIBM tagger IBM tagger ((CodenCoden et al., 2005)et al., 2005)

ÅÅTrained on combination of Trained on combination of 
PennTreebankPennTreebank and Mayo dataand Mayo data

ÅÅ93% accuracy93% accuracy



Evaluation: Evaluation: 
Word Sense DisambiguationWord Sense Disambiguation

ÅÅWSD component for 50 most frequent WSD component for 50 most frequent 
and relevant terms (Savova et al., 2008a)and relevant terms (Savova et al., 2008a)

ÅÅSupervised machine learning Supervised machine learning 
methodsmethods

ÅÅFF--score: 0.82score: 0.82

ÅÅAbbreviation disambiguation Abbreviation disambiguation 
(Pakhomov, 2002)(Pakhomov, 2002)

ÅÅFF--score: 0.89score: 0.89



Evaluation: Named Entity RecognitionEvaluation: Named Entity Recognition

ÅÅTests the end system outputTests the end system output

ÅÅGold standard corpus (Ogren et al., Gold standard corpus (Ogren et al., 
2008)2008)

ÅÅ160 clinical notes, 1556 NEs160 clinical notes, 1556 NEs

ÅÅIAA: IAA: for span (90.9%), concept for span (90.9%), concept 
code (81.7%), context (84.8%), and code (81.7%), context (84.8%), and 
status (86.0%) agreement.status (86.0%) agreement.

ÅÅDictionary lookDictionary look --up results (Kipperup results (Kipper --
Schuler et al., 2008)Schuler et al., 2008)

ÅÅFF--score range: 0.56score range: 0.56 --0.810.81



Evaluation: In ProgressEvaluation: In Progress

ÅÅopenNLP pos taggeropenNLP pos tagger

ÅÅopenNLP chunkeropenNLP chunker

ÅÅNER with openNLP pos tagger and NER with openNLP pos tagger and 
chunker as part of the pipelinechunker as part of the pipeline



ApplicationsApplications

ÅÅDiscovery of patient smoking status (part Discovery of patient smoking status (part 
of 1of 1 stst I2B2 clinical NLP challenge) (Savova I2B2 clinical NLP challenge) (Savova 
et al., 2008b)et al., 2008b)

ÅÅTumor progression from neuroradiology Tumor progression from neuroradiology 
reportsreports

ÅÅCategories: stable, progressed, Categories: stable, progressed, 
regressedregressed

ÅÅClassifiers based on lexical and Classifiers based on lexical and 
syntactic features extracted from XCASsyntactic features extracted from XCAS

ÅÅExtended Drug Profile attribute recognitionExtended Drug Profile attribute recognition



ConclusionsConclusions

ÅÅPresented a highPresented a high --throughput information throughput information 
extraction system for the clinical domain extraction system for the clinical domain 
built within UIMAbuilt within UIMA

ÅÅFlexible and modular systemFlexible and modular system

ÅÅOpenOpen--source released scheduled for 2008source released scheduled for 2008
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UIMAUIMA--basedbased

PipelinePipeline

((after Pakhomov et after Pakhomov et 

al., 2005)al., 2005)



Text analysis: FrameworkText analysis: Framework
((after Pakhomov et al., 2005after Pakhomov et al., 2005 ))

Sentence Detector

POS Tagger

Shallow Parser

Lexical Normalization

Disorders Annotator (Dictionary)

SAIL Disorder

SAIL Signs/Symptoms

Abbreviation Disambiguation

Initialize/Detagging

Context Free Tokenizer

Context Sensitive Tokenizer

CSSC Spelling 

Findings Annotator (Dictionary)

Negation

Drug Annotator (Dictionary)

SAIL Drug

POS Pretagger

Finding/Disorder Classifier

SAIL Models

POS Model

Diagnosis Dictionary

Findings Dictionary

SD Model

Abbreviation Model

Negation Rule Base

CSSC Model

Spelling Lexicon

Abbreviation Lexicon

Stopword Lexicon

Norm Lexicon

POS Lexicon

Shallow Parse Rules

Naïve  Models

Feature Extractor


