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Clinical Data Mining
Goals

- Query for Clinical Conditions
- Extract Related Information
- Knowledge Discovery



Clinical Data Mining
Challenges

. \Various data sources
. Limited Structure
- Imbedded Ontology



Clinical Data Mining
Processes

- Digital format for all pertinent data

. Create structure

- Obtain coded information
- Natural Language Understanding

. Create a widely accessible repository



Query for Clinical Conditions



Research Patient Data Registry

Query construction in web tool
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Data
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Research data is digested into facts that can be queried with patient data
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Research Patient Data Repository

1.8 million MGH & BWH patients

480 million diagnoses, medications, procedures,
laboratories, with patient demographic & visit info

eAuthorized use by 750 faculty status users.

*Researcher can construct complex independent queries
Pilot of radiology image display

«Currently no radiology query capability



Integrating Radiology Queries

- Radiology Reports
- Radiology Images

- Challenge ? No Structure!



Creating Structure

= 2 million patient demographics
= 6 million radiology Interpretations
= 150 million radiology images

Current Data Load: 100 TB



LEXIMER
_exicon Mediated Entropy Reduction

= Radiology Language Understanding

m Lexicon Based Hierarchical Decision Trees
= Trained to remove report noise, thus retain signal
m Where Signal = F; and R+ (defined through trained lexicon)
= Lexicon trained by heuristics for CT and MRI

= Expanded to all of radiology by modality training sets
m Training stop point - 95% accuracy

= Currently the HDTs contain 4,132 nodes



LEXIMER

Create an automated method to detect:

- The observation of a positive finding

- A recommendation that further imaging be performed

= F+ Exams / Total Exams

= R+ Exams / Total Exams



Radiology Report Under standing
~LEXIMER ~

This study is reviewed with Dr Smith. Standard protocol was used to obtain

l an MRI of the brain with MRA of the circle of Willis and DWI imaging.
) Dizziness and recurrent syncope. Please evaluate the posterior circulation.
Phrase Isolation Comparison is to a CT of the head performed 3 September 99. Comparison is

# also to a CT performed the day after the MRI on 5 September 1909. Bilateral

subdural hemorrhages are present. The right sided subdural hemorrhage
i : appears improved when compared to the prior CT. It has a component
NOISe REdUCthn m extending further posteriorly than appreciated on the CT, appearing to involve
L the occipital lobe on the right side. The left subdural hemorrhage is worse than
. . it appeared on the initial CT. There is extensive subarachnoid hemorrhage
Slgna| Extraction <=> better appreciated on MRI than on CT.
There is no evidence of tentorial subdural hematoma. The subsequent CT
did show such a bleed, this must have occurred in the interval between studies.

I
. + DWI imaging of the brain parenchyma is normal in appearance. There is no
Fi nd INQS - evidence of acute infarction. The circle of Willis was imaged with particular
attention to the posterior circulation. The right vertebral artery appears
Bilateral subdural hemorrhages with subarach prominent. The procedure circulation appears entirely normal. Because
hemorrhage. imaging was centered on the procedure circulation, the MCA's are not
completely evaluated. The ventricular system and CSF spaces do not show
g Recommendations| |
Impression. No evidence of acute infarction on diffusion weighted imaging.
Bilateral subdural hemorrhages with subarachnoid hemorrhage. The posterior

evidence of abnormal dilation. The visualized extracranial structures are normal
A follow up MRI of the brain is recommender circulation appears entirely normal. A follow up MRI of the brain is

in appearance.

within 7 days to assess progression of hemorrl recommended within 7 days to assess progression of hemorrhage.



Motivation

MGH Annual Radiology Exam Volume
1995 to 2003*
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Applications
Annual Trends

1995 - 2003 Exam Analysis
3,605,223 reports, 12.4 hours
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1995 1996 1997 1998 1999 2000 2001 2002 2003*
(347,002) (347,685) (347,726) (369,921) (388,695) (432,965) (475,563) (505,232) (390,434)

HE Findings O Recommendations



Modality Analysis
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Extraction of Related Information



Extract Practice Pattern Inconsistencies

m Ordering practices and yield of all referring physicians
s Recommendation practices of all interpreting radiologists

= Provide online access to individual and group level statistics



Practice Pattern Analysis
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Diagnostic Decisions Evaluation

100%
)

Clinician Ordering Analysis
MRI Knee - 5 Clinicians

Positive Findings

0% Recommenation Rate 100%



Diagnostic Decisions Evaluation

Radiologist Interpretation Report Analysis
CT Chest — 8 Radiologists
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Diagnostic Decisions Evaluation

Clinician Ordering Analysis
MRI Brain — 10 Clinicians

100%

Positive Findings
™

0% Recommenation Rate 100%



Indication ? Examination Evaluation

Thunderclap Headaches ? Head Imaging Analysis
males over 40 years old
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Indication ? Examination Evaluation

Thunderclap Headaches ? Head Imaging Analysis
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Signal Classification

Phrase Isolation '

! Classification L.

Noise Reduction »m v

| Concept Schema
Signal Extraction @8 L | |
I

v Post Coordinated Expressions
Findings

Semantic Type: IS FINDING
Etiology: Unspecified
Finding: Hemorrhage

Bilateral subdural hemorrhages with subarachnoid

hemorrhage.

Location: Subdural Subarachnoid

¥ Recommendations 60 (R

Semantic Type: IS RECOMMEND
Action: Brain MRI
Time: 7 Days

A follow up MRI of the brain is recommended

within 7 days to assess progression of hemorrhage.



Extraction of Related | nfor mation
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Extraction of Related | nfor mation
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Knowledge Discovery



Knowledge Management

= No standards for existing knowledge
m Difficulties in representing knowledge
m Difficulties obtaining new knowledge



Ontology

"he hierarchical structuring of knowledge about
nings through sub-categorization according to
neir essential qualities.




Create Structure

AABIOLOGY REPORT m Classifying Interpreted Findings

= LEXIMER (Lexicon Medicated Entropy Reduction)
= Codification - CPT, ICD-9, RADLEX, SNOMED

IMPRESSION:
1} SMALL J0INT EFFUSLON.
e 7y MILD INTRASUBSTANCE SIGNAL

IN THE MENISCI, WITHOUT i Image Feature Extraction

DEFINITIVE EVIDENCE OF

= Modern CAD Applications
m Digital Mammography
= Micro-Calcification Detection
m CT Chest
= Lung Nodule Detection

m Future Application Examples

| m Brain CT, MRI

| e m Sagittal asymmetry index, Tumor detection
;Arr’";r"}\} m Cardiac MRI, US, NM

"1, 3 = Myocardial wall thickness quantification, HCM

[ .\ = Future Imaging Modalities

& % | R , = Molecular, Fusion, 3D Imaging

: L ] /

\ it /’ = Essential for knowledge discovery




Clinical Data System Integration

Research Patient Data Repository

Clinica Structured Image Repository Genetic
Data | Data
Repositories Structured Feature Sets Repositories
Research Image Archive

PACS PACS PACS

IMAGING MODALITIES




Imaging and Genetics

m Genotype

= An Individual’s genetic composition.

= ldentified by genetic analysis.
+

= Penetrance, Developmental and Environmental

= Phenotype

= The features of health and disease expressed throughout life.
= Can be identified, in large part, by medical imaging.



Genetics 101

m Allele
= One of at least two forms of any individual gene.

m SNP (Single Nucleotide Polymorphism)
= Small DNA regions that vary between individuals.

m [t is these differences that represent underlying disease
susceptibility and drug responsiveness.



Disease Knowledge Discovery

m Understand diseases in individuals via medical imaging
= ldentify phenotypic expression suggestive of disease

m Explore genetic analysis alternatives
= ldentify a potential genetic penetrance from allele or SNP
= Evaluate therapy effectiveness

m Understand diseases in individuals via genetic analysis
= ldentify genotypic expression suggestive of disease

m Classify the pathologic spectrum of expression states
m Standard Imaging - Pathologic Anatomic and Physiologic States
m Molecular Imaging — Specifically Targeted Expression States

m Create specific imaging work-ups for genotypes
= Evaluate therapy effectiveness

m Discover new diseases in populations using genetic and image analysis
m Utilize extensive combinations of genotypic and phenotypic data
m Perform clustering algorithms to identify classification possibilities
Map genetic states to possible phenotypic outcomes
Map phenotypic presentations to possible genetic states
Monitor therapy alternatives



Anticipated Complexity

Summary Timeline

Knowledge
Discovery

* Phenotypic
Selection Engine
|mage Feature
Extraction Engine

* RPDR Image Queries
* Report Findings Classification

* * * Research Image Archive

Enterprise Digital RPDR Image Access Pilot
Image Storage *

* Research Image

Enterprise Digital Web Server Pilot

Image Generation

-

Before Now Then




Clinical Data Mining

"If we knew what it was we were doing, it wouldn’t be called research."
- Albert Einstein
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