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Overview

• Sleep Medicine

• Sleep Data

• PhysioMIMI

• Sleep Domain Model
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Sleep

• state of unconsciousness

• normal physiological function -    motor 
and sensory activity

• active process

• mechanism? purpose? - unclear 
• growth, immunity, memory etc

• Stages of sleep:
• NREM (non-rapid eye movement) - N1, N2, N3

• REM (rapid eye movement)
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Sleep Medicine
• 50 - 70 million suffer from Sleep Disorders

• sleep deprivation --> fatigue, inability to 
focus, mood changes, lack of motivation

• consequences of sleep disorders:
• Errors in judgement - Motor vehicle accidents (20% - IOM 

study),  nuclear accidents at Three Mile Island and Chernobyl, 
Exxon Valdez oil spill

• Increased risk of HTN, Heart attack, Stroke, Diabetes, Obesity 

• around 90 distinct sleep disorders

• 80 - 90 % of adults with clinically significant 
Sleep Disordered Breathing undiagnosed
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Sleep Data
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Polysomnography (PSG)

• multi-channel study of sleep or ‘sleep study’

• EEG, EOG, EMG, ECG, Airflow, Oximetry, 
Breathing effort, Snoring

• EEG electrode placement

• Temporal information
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Polysomnography
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Electroencephalogram 
(EEG)

Awake

Sleep onset

Stage 2

Stage 3
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Apnea & Hyponea
Normal Apnea/Hypopnea with Desaturation
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Sleep Data
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Sleep Domain Model
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Sleep Domain Model

SDO

OGMS
CPR

UO

BiotopROBFO
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Challenges #1
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Opaque IDs
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Challenges: Opaque IDs
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SDO: Biological Functions
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SDO: Quality
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SDO: Disorders
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Modeling Principle

• Core clinical concepts (Kernel 
concepts): 
       Disorder/Disease, Pathological process, 
Bodily Feature, ...

• Recordable concepts (Situations):  
       Diagnosis, Clinical Findings (Signs & 
Symptoms, Lab results), ...
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SDO: Findings
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Sleep Duration
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Hb O2 Saturation
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Hb O2 De-saturation
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Hb O2 De-saturation
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Hb O2 desaturation = Percentage of Hemoglobin in 
blood that is NOT bound to Oxygen
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Hb O2 De-saturation
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Challenge #2

Hb O2 desaturation = Percentage of Hemoglobin in 
blood that is NOT bound to Oxygen
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Hb O2 De-saturation
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Hb O2 De-saturation
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Hb O2 De-saturation
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Classification
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Classification
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Classification
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General Clinical Findings
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Body Mass Index (BMI)
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PhysioMIMI
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PhysioMIMI project

• Federated data integration environment

• Facilitate collaborative clinical and 
translational research

• Four CTSA institutions:

- CWRU/UH, Univ. of Michigan, Marshfield 
Clinic and Univ. of Wisconsin)

• Sleep Domain
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PhysioMIMI Components

• VISAGE - user interface

• Sleep Domain Ontology - data model

• Application Tools - signal analysis

• Honest Broker - communication, security, etc
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Architecture
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VISAGE

• VISual AGgregator and Explorer

•  Query Interface:
• Query Builder

• Query Manager

• Query Explorer

• Database Mapper

• Data model Browser
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VISAGE:  Query Builder
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VISAGE:  Query Explorer
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VISAGE:  Database Mapper

• Distributed databases

• Different terms/values - same meaning

Database A Database B
Gender

M

F

1

0

Male

Female
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VISAGE:  Database Mapper
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VISAGE:  Data model 
Browser
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Application Tools

• Toolset for Sleep Research

• Normalize PSG data from different applications

• De-identify records

• Visualization Tools

• File download - signal data, images, genomic 
data, etc. 
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PhysioMIMI strengths

• Distributed Database Mapping

• Map to existing databases

• Sites free to store data in ways that are 
meaningful to them
➡ No enforcement of a central model

• Harmonization by mapping

• Visual Query and Data Analysis

• Application ‘neutral’ domain model and 
mapping
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