@_} CASEWESTERNRESERVE University Hospitals

UNIVERSITY s

Neurological Institute

Maximizing Epilepsy Data Usage for Better
Outcomes: Informatics and Common Language

Samden D LLhatoo, MD, FRCP
Satya S. Sahoo, PhD

Case Western Reserve University

ICARE: Interagency Collaborative to Advance Research in Epilepsy

m National Institutes of Health



NIH Center for SUDEP Research {CSR)

Predictive genes, clinical biomarkers and basic mechanisms of SUDEP
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4000 epilepsy patients

undergo pre-surgical
monitoring
2000 patients 2000 patients not
undergo sumery appropriate for surgery
& at risk of SUDEP
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free patients at low with active epilepsy &
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The Challenges

* Multi-center — each center follows different
approaches
o Disparate terminology
o Paper based, Electronic documents

o Distinct form structure

* Difficulty in post collection data

analysis: o Patient cohort identification
ACross centers O Uncovering disease
association

o Correlating signal data (EEG) across centers

* Data quality — without increasing workload or cost



* Focal dyscognitive seizure
* Complex partial seizure

* Dialeptic seizure
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* The Requirements

o Consistent terminology — facilitates interoperability;, data
sharing

O Real-time data curation — range check, auto-completion

o Optimized data entry — skip patterns to dynamically change
form structure

o Structured data stored in patient database — easy to query and
analyze

o Shared resource — develop once, deploy at multiple locations

o FHasy maintenance — changes are easily propagated



Informatics Highway: Interoperability and Integration

* Common Terminology System — upfront or backend
* Common Data Elements (CDE): NINDS CDEs
* Shared Meaning for Data Integration

* Accurate and Consistent Interpretation of Data



What Can Common Terminology Achieve?

e Reconcile different

WI.‘RD categories of heterogeneity:

e i O syntactic heterogeneity:
OF O'GARLAND Slow Spike and Wave

MQRGAN complex vs. Slow Spike-and-
‘VICJQORFLEM'NGBO LGER Wave complex
MERVYN L:ROY BERT .
semenne LAHR o structural heterogeneity:
ADNFLE vs Autosomal
Dominant Nocturnal Frontal
Lobe Epilepsy

O semantic heterogeneity:

“Fiic BURKE SR - .
Wasgasst 2&/&\&%% a0 Focal dyscognitive seizure vs.
and T, MUNCHKINS fo e S Dialeptic seizure vs.

|METRO-GOLDWYN-MAYER'S ' '
TECHNICOLOR TRIUMPH! Complex partial seizure




Managing Epilepsy Well (MEW) Network

Informatics

e 8 centers across US

» _ & )
Ve Da“"::‘“ * Multiple approaches for
U. of lllinois at Chicago ™ 4 ® self management of
Case Western .
Reserve epﬂepsy
U.of Arizona Morehouse School
> of Medicine 4% * Integrated data from

different studies for
cohort studies and
comparative analysis



Multi-Center Epilepsy Cohort Identification
Insight!

Clinical Research Platform

SELECT STUDY DATA ELEMENTS

. Integrate
Multiple Studies ' List of Data Elements ~ |
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Multi-Center Epilepsy Cohort Identification
Insight!

Clinical Research Platform

Resultant Graphs Resultant Graphs Resultant Graphs
EDUCATION - Study 3
EDUCATION - Study 1 EDUCATION - Study 2
Data Visualization using Pie
Charts for Individual
Research Studies
N/A
 Never attended schoot or only attended kindergarte: Wwa - Never attended school or only attended kindergarten g o Gl
/m1msmmm) f\m1mummuyp Never attended school or only attended
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only high school (Some (College F 1 Coll
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kindergarten technical . .
v Visualiz yoars
us college or
I study 2 Histo, technical
I Study 3 school)
0 Study 1
| mew_db_40 Female N/A Black/African- Study1 1 39 College 1 N/A N/A
é___—Users can modify cohort identification queries

ok ReSubmit Query
. in real time to update results



Ontology-driven Patient Information Capture (OPIC)

* Structured data entry
QrPiC

» DEMOGRAPHIC
» CHIEF COMPLAINT

CLASSIFICATION OF PAROXYSMAL EPISODES

Diagnosis Eplleptic Paroxysmal Eplsode "l
Eplleptogenic Zone
Seizure Semiologles Generalized

Temporo-frontal

Lateralizing Sign

Anterior Head Reglons Frontal Temporo-parietal
Etiology Posterior Head Reglons Parietal Temporo-occipital
Multi Focal Qccipital Hippocampal
Related Medical Conditions
unknown Central Lateral Temporal Amygdalar
Unlocalizable Cingulate Basal Temporal
Insula Temporal Pole

Temporo-opercular



Ontology-driven Patient Information Capture (OPIC)

* High level of granularity

QPIC

Special Sezure . | Complex Motor Sezure Tonic Seizure
. i ' Clonic Seure
—— o oo e
Myoclonic Sequre
Versive Segure



Ontology-driven Patient Information Capture (OPIC)

QPIC
* Support embedding

of multi-media images

£ * Data entered can be
= immediately queries

Dy G uriversiy osptts * Important for both

© & @

care and clinical
research

Rlosizoind Easier sharing ACrOSS
multiple collaborators




v O Etiology
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GeneticDefect

ChromosomalAbnormality
GeneticMutation
MitochondrialEncephalomyopathy

MetabolicCause

SubstanceAbuse

StructuralCause

BifocalEncephalomalacia

Birthlnju
.
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>
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CerebralPalsy
CerebrovascularDisease
CorticalDevelopmentMalformation
Hypoxiclschemiclnjury

Infection

Inflammation

LeftFrontal Astrocytoma
LeftHemisphereTumorResection
LeftMesialTemporalLesion
Neoplastic

PrenatalBirthinjury
RightFrontalEncephalomalacia
RightFrontoParietalAbcess
RightFrontoTemporalGlioma
RightHemisphericStroke
RightMesialLesion

Sclerosis

TraumaticBrainlnjury
VascularMalformation

UnknownCause

Sahoo et al., JAMIA 2014

Epilepsy and Seizure Ontology

Follows four-dimensional
classification approach

o Etiology

o Seizures

o Anatomical Location

o Related Medical Conditions

Uses Web Ontology Language
(OWL2)

Description Logic allows
consistent and accurate
interpretation of terms



Epilepsy and Seizure Ontology: Multi-axial Structuring

Object property hierarchy: hasEE IBEE
- = || D]
v mopObjectProperty

* OWL2 Object Properties:

Mconstitutional_part_of . .
=T oM Utatio T A Allows classification of
mhasAgeOfOnset
M hasAssociatedDisorder OntOIOgy terms along
"™ hasBodilyFeature : : :
o ¥ ea multiple dimensions

- -
™ hasEpileptogenicZone O EUOlOgy
®hasEtiology . .
smhasExtendedArm o Anatomical LLocation
i hasForm G .
mhasPart O enetics
i hasPreferredMedication
i hasRecordedAge : o Otherts...
mhasSeizureOnsetZone Anatomical ) ) .
mhasSemiologyFeature Locations Ob]CCtS pI‘Op@I‘UCS link
mhasTradename

W hasUseOf
misAdjacentTg
» MjsLocatedAt
MisObservedBy
MisPartOf
Mreceives_input_from
®regional_part_of

terms together: Networked
terminological system



Epilepsy and Seizure Ontology: Links to Existing
Terminological Systems

¥ @ Druglingredient comment
Amisulpride "Antiepileptic Drug"
Amitriptyline - -
Amoxapine isDefinedBy

‘Treats different types of seizures. Also used to treat nerve pain and bipolar

Amphetamine i ) g .
P disorder, also known as manic-depressive illness.

Aripiprazole
Asenapine seeAlso
Atomoxetine “RxCUI 2002"

Bupropion _ seeAlso
* Carbamaze ‘- L "http://purl.bioontology.org/ontology/RXNORM/2002"
Chlorpromazine

Chlorprothixene

Citalopram

Clobazam

Clomipramine Equivalent classes
Clonazepam

Clozapine Superclasses
Cyamemazine it :
Desipramine Druglingredient
Desvenlafaxlne. hasTradename some
Dexmethylphenidate (Carbatrol
Dextroamphetamine or Tegretol
Diazepam or TegretolXR)
Dosulepin

* RxNorm: Developed by the NLM
* Gene Ontology
* TFoundational Model of Anatomy (FMA) Ontology



Epilepsy and Seizure Ontology: Formal Model and
Multi-Dimensional

v ©Epilepsy

» @ BiLobarEpilepsy
v ©FocalEpilepsy
@ MultiFocalEpilepsy
v ©Sing

>
>
>

ADNFLE
leFocalEpileps

@ AutosomalDominantNocturnalFrontalLobeEpi Vi
@ AutosomalDominantPartialEpilepsyWithAuditoryFeatures
@ BenignChildhoodEpilepsyWithCentrotemporalSpikes

@ ChildhoodEpilepsyWithOccipitalParoxysms

@ ChildhoodRolandicEpilepsy

@ ChronicProgressiveEpilepsiaPartialisContinuaofChildhood
@ CingulateEpilepsy

@ FrontalLobeEpilepsy

@ HypothalamicEpilepsy

@InsularEpilepsy

@ OccipitalLobeEpilepsy

@ ParietalLobeEpilepsy

@ TemporalLobeEpilepsy

» ©GeneralizedEpilepsy
» @ GeneralLearningDisability
» @ NeuropsychiatricProblem
» @SleepDisorder
» G EEGPattern

vy

@ Etiology
@ Gender

@ Person

WYy W

v

@ ElectrodePlacementSystem
@ HealthCareEncounter
@ MeasurementUnit

@ PhysiologicalData
@ SomatotopicArrangement

» @IndependentContinuant
@ SpatialRegion

» @ Occurrent

Sahoo et al., JAMIA 2014

Equivalent classes

Superclasses

@ SingleFocalEpilepsy

@ dueToMutationin some
or CHRNA4 Genes
or CHRNB2)

© hasAgeOfOnset some Child

@ hasAssociatedDisorder some
GeneralLearningDisability

@ hasEtiology some GeneticMutation

@ haslctalEpileptiformAbnormality some
SeizurePattern

@ haslinterlctalEpileptiformAbnormality

some .
(PolySpike Signal Features
or SharpWave

or Spike)
@ hasPreferredMedication some

Zonisamide
Semiology

@ hasSemiologyFeature some
HypermotorSeizure

@ hasPreferredMedication some

Carbamazepine

Etiology

Inherited anonymous classes



Community Participation: Epilepsy Ontology
Consortium

Epilepsy Ontology Consortium

Logged in as Admin. Log out &

1. Add Name of Syndrome

#+ Add New Syndrome

" Edit Syndrome label

2. Add Details of the Syndrome

List of Syndromes

Childhood Epilepsy with Occcipital paroxysms

Primary Reading Epilepsy

Parietal Lobe Epilepsy

Generalized Epilepsy with Febrile Seizures Plus (GEFS+)

Autosomal Dominant Nocturnal Frontal Lobe Epilepsy (ADNFLE)
Autosomal Dominant Partial Epilepsy With Auditory Features (ADPEAF)



A Home

USER ID

 §
Admin

Entry Date
April 13th, 2015
17:12

Community Participation: Epilepsy Ontology
Consortium

Epilepsy Ontology Consortium

Logged in as Admin. Log out

Primary Reading Epilepsy

Existing User Entries

CLINICAL FINDINGS ETIOLOGY MEDICATIONS EEG MRI GENES
OF CHOICE
Age of Onset  Unique Clinical Mental Physical Ictal Onset Interictal Interictal Ictal
Features Retardation Findings Zone Epileptiform  Non-Epileptifor Epileptiform
Abnormalities m Abnormalities
Abnormalities
8 to 20 Years Myoclonic Genetic Lamotrigine,Le PolySpikes,Spi Polyspike, CACNB4,CLC
Seizure vetiracetam,To ke- Spike N2,EFHC1,GA
piramate,Valpr and-slow-wave Slowwave BRA1,GABRD
oate,Zonisami Complex Complex
de

Community participation through wiki-based features

Interactive discussions and threads

Community agreement towards a common epilepsy
terminology



Ongoing and Future Directions: Neuroscience Big Data

* High performance computational pipeline for electrophysiological data

STUDY HEADER SIGNAL HEADER
S Local Patient ID Signal Label
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Cloudwave Signal Visualization

Local Patent 10 ]

Signal Label

Recording Timestamp |

Number of Data Samples

Number of Data Records |

Physical Minimum

Number of Signals

| Physical Maximum

Duration of Data Record

Digital Minimum

Clinical Events

Digital Maximum

Event EpSO URI
Event Timestamp

Physical Dimension
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MapReduce Phases

EDFSegment:
Data Partitioning

EDFSegment:
Channel-oriented
Data Partitioning

EDFSegment:
Data Conversion

Binary to Short

EDFSegment:
Data Conversion
Digital to Physical

Cloudwave Signal
Format (CSF)
Data Objects



Ongoing and Future Directions: Neuroscience Big Data

Scalability and Adaptability of NeuroPigPen with Increasing Data Size and Hadoop Data Nodes

180
160 .
Data Size
~ 140 L
L 120 1 GB
3
£ 100 "50 GB
g
o 80
.- ]
o 60 100 GB
g
o - 40 7 50
= 500 GB
20 -
0 - ®750 GB
3 Data Nodes 6 Data Nodes 12 Data Nodes 18 Data Nodes 24 Data Nodes 30 Data Nodes
Number of Hadoop Data Nodes
(b}
o _
Q MapReduce
= b = gl ey sy e
HDFS
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