
Future Challenges in 

Medical Informatics
- Ubiquitous Healthcare IT and Omics-based Medicine-

Future Challenges in 

Medical Informatics
- Ubiquitous Healthcare IT and Omics-based Medicine-

Hiroshi Tanaka,Hiroshi Tanaka,
Tokyo Medical and Dental UniversityTokyo Medical and Dental University

Japan Association of Medical Informatics (JAMI)Japan Association of Medical Informatics (JAMI)
Japan Promotion Council for Healthcare IT (JJapan Promotion Council for Healthcare IT (J--HIT)HIT)

Challenges in Medical Informatics?Challenges in Medical Informatics?
Target disciplines Target disciplines we should tackle in coming  age to we should tackle in coming  age to 
extend and deepen our medical informatics field?extend and deepen our medical informatics field?
Medical Informatics, Medical ITMedical Informatics, Medical IT

It It startedstarted with hospitalwith hospital--based technology primarily to implement based technology primarily to implement 
clinical system.clinical system.
NowNow, new paradigms of medicine are to be considered  with deep , new paradigms of medicine are to be considered  with deep 
relations to relations to ““informationinformation””, , 
such as, genomic medicine, standardization of medicine, ubiqsuch as, genomic medicine, standardization of medicine, ubiquitous uitous 
healthcare IT and so on.healthcare IT and so on.

Various Challenges are there, but we should think about Various Challenges are there, but we should think about 
them in relation to questions of what will be the key them in relation to questions of what will be the key 
concept of future medicine.concept of future medicine.

Key paradigm of 21th cent. MedicineKey paradigm of 21th cent. Medicine



Paradigm of Medicine 
Current Medical IT Targets

Paradigm of Medicine 
Current Medical IT Targets

““StandardizedStandardized”” Medicine Medicine 
Objective criteriaObjective criteria to attain and shareto attain and share
““quality of medical carequality of medical care””
to have to have equal opportunityequal opportunity to to 
receive best medical practicereceive best medical practice

Evidence-based
Medicine

Current Major Concepts in Medical IT

Interoperable EHR, CPG-based Diagnosis/Therapy

Individualized MedicineIndividualized Medicine

Standardized MedicineStandardized Medicine

UbiquitousUbiquitous HealthCareHealthCare

Next Generation Concepts for Medical IT

Medical care and Preventive health Medical care and Preventive health 
IntegrationIntegration

EvidenceEvidence--based Medicine, based Medicine, CliniclaClinicla PractisePractise GuidelineGuideline

Genome-based Medicine,
Genetic Polymorphism

““DeeperDeeper””

““BroaderBroader””



20020055 20102010 20152015

Standardization of Medical Care/EHRStandardization of Medical Care/EHR

EBM, Clinical Practice Guideline, Interoperable EHREBM, Clinical Practice Guideline, Interoperable EHR

Genome/Genome/OmicsOmics--based Medicinebased Medicine

Ubiquitous HealthcareUbiquitous Healthcare

Individualized Medicine, Systems MedicineIndividualized Medicine, Systems Medicine

Ubiquitous HISUbiquitous HISRFIDRFID Home healthcareHome healthcare

PGPGxx,,

Road map of Healthcare ITRoad map of Healthcare IT

Medical Informatics in 
Genome/Omics based medicine

Medical Informatics in 
Genome/Omics based medicine



“Genome medical informatics”“Genome medical informatics”

A new discipline of Medical informatics
supports the clinical realization of

Genomic Medicine

Medical PracticeMedical Practice,,
prevention, diagnosis, therapy and prognosis prevention, diagnosis, therapy and prognosis 

based onbased on Genomic informationGenomic information

“Genomic Medicine”?“Genomic Medicine”?

Genomic Medicine and InformaticsGenomic Medicine and Informatics

Genomic MedicineGenomic Medicine

VastVast amount of amount of 
Genomic/Genomic/
Molecular dataMolecular data

ClinicalClinical--PathoPatho
physiological physiological 
ordinary ordinary datadata

Genome Medical InformaticsGenome Medical Informatics
(Clinical bioinformatics(Clinical bioinformatics))

New!New!

Should be supportedShould be supported



What kind of  new possibility does 
genomic information bring about to 

clinical medicine?

What kind of  new possibility does 
genomic information bring about to 

clinical medicine?

well-known, most important contribution of genomic medicine

Medical Care can be Individualized
Tailor-made (individualized) medicine

well-known, most important contribution of genomic medicine

Medical Care can be Individualized
Tailor-made (individualized) medicine

■■Genomic PolymorphismGenomic Polymorphism
HumanHuman genome contains  individual differencegenome contains  individual difference
SNPSNP
Single Nucleotide PolymorphismSingle Nucleotide Polymorphism
One  for 1000 bases, 0.1% , One  for 1000 bases, 0.1% , 33M to M to 1010M M bpbp

Other typesOther types MicroMicro--satellites, VNTRsatellites, VNTR
■■Individualized MedicineIndividualized Medicine

Disease susceptibilityDisease susceptibility
Personalized genomic typing Personalized genomic typing 

Drug responsibilityDrug responsibility
PhamacogeneticsPhamacogenetics/genomics/genomics

HapmapHapmap projectproject
HaplotypeHaplotype DB projectDB project

A  b  C  dA  b  C  d

a   B  C  Da   B  C  D

AaAa BbBb

GenotypeGenotype

haplotypehaplotype

ChromoChromo
--somesome



Drug will be administered 
depending on the individual 

genotyping

Drug will be administered 
depending on the individual 

genotyping
PharmacogeneticsPharmacogenetics/genomics/genomics

Individual difference in drug response sometime causes serious sIndividual difference in drug response sometime causes serious sideide--effectseffects
IrressaIrressa for lung cancerfor lung cancer

Avoid useless drug administrationAvoid useless drug administration (side(side--effect)effect)
DNA preDNA pre--diagnostic test for drug responsibilitydiagnostic test for drug responsibility

FDA guidance  recommendsFDA guidance  recommends
Drug metabolism enzyme Drug metabolism enzyme CYPCYP450 60kinds450 60kinds
HerceptinHerceptin for HER2 receptor for breast cancer for HER2 receptor for breast cancer 

Drug effects vary among individuals

criterion

Drug effect

Pharmaco
genetics

Pharmaco
genomics

individuals

Drug effect

criterion

individuals

Only for responderOnly for responder

Reduce the necessary num. of trial subjectsReduce the necessary num. of trial subjects

TailorTailor--made Drug Administrationmade Drug Administration

What to do to support the genomic medicine

Genome Medical Informatics
What to do to support the genomic medicine

Genome Medical Informatics

To adapt To adapt clinical information systemclinical information system to to 
genomic medicinegenomic medicine

to organize to organize clinicoclinico--genomic patient information genomic patient information 
clinicoclinico--genomic ontology, genomic EMRgenomic ontology, genomic EMR

to develop genomic healthcare information to develop genomic healthcare information 
systemsystem

genomic preventive medical caregenomic preventive medical care



An example of Challenges in 
Genome Medical Informatics
-Clinico-genomic ontology-

An example of Challenges in 
Genome Medical Informatics
-Clinico-genomic ontology-

Ontology mismatch between 
Clinical thinking and Omics
Ontology mismatch between 
Clinical thinking and Omics

OntologyOntology
System of Controlled System of Controlled 
vocabularyvocabulary
Concepts and relationsConcepts and relations

which support genomicwhich support genomic
medicinemedicine

Excellent Excellent ontologiesontologies
separately developed in bothseparately developed in both
fieldsfields
Mismatch Mismatch 

Between Clinical ontologyBetween Clinical ontology
and Bioand Bio--ontologyontology

Information Information 
systemsystem

terminologyterminology
ontologyontology

InformationInformation
systemsystem

terminologyterminology
ontologyontology

Clinical Clinical 
OntologyOntology

BioBio--ontologyontology

Genome ontologyGenome ontology

GalenGalen
UMLSUMLS



Clinical thinking and “Omic space”Clinical thinking and “Omic space”
Clinical thinkingClinical thinking ((TopTop downdown))

Organs and diseasesOrgans and diseases are units of conceptsare units of concepts
Traditionally disease is defined on Traditionally disease is defined on pathologicalpathological, , morphological basemorphological base
Relations Relations are causal, attributable, consequentialare causal, attributable, consequential

OmicsOmics worldworld ((BBoottom upttom up))
Molecular function and their functional relation to other molecuMolecular function and their functional relation to other moleculesles
Products of gene expressionProducts of gene expression are units of conceptsare units of concepts

symptomatologysymptomatology

PathophsiologyPathophsiology

EtiologyEtiology

Clinical information spaceClinical information space

Genome Genome 
SNP, SNP, HaplotypeHaplotype

TranscriptomeTranscriptome
ProteomeProteome
metabolomemetabolome

PathwayPathway
signalomesignalome
networkomenetworkome

OmicOmic spacespace

Integrated clinico-genomic ontologyIntegrated clinico-genomic ontology
Comprehensive framework to join these two paradigms Comprehensive framework to join these two paradigms 
is is requireddrequiredd
““Pathway/networkPathway/network”” will be the basic entitywill be the basic entity

Genome,ProteomeGenome,Proteome
OmicsOmics

Pathway/networkPathway/network

ClinicalClinical PhenotypePhenotype
DiseaseDisease

Clinical OntologyClinical Ontology

Gene OntologyGene Ontology

Disease PathwayDisease Pathway

Connecting 
two ontologies



Genomic Medicine is now 
revolutionarily changing

Omics-based medicine

Genomic Medicine is now 
revolutionarily changing

Omics-based medicine

So far we are concerned with current state of GMI, But

Omics-based Medicine
Genome/Omics Medicine
Omics-based Medicine
Genome/Omics Medicine

Genomic Medicine, Now extended to call 
Omics-based Medicine

Gene

mRNA

protein

Genome

proteome

transcriptome

GenGenome/ome/icsics::
wholewhole genetic informationgenetic information
TranscriptTranscriptomomee/ics/ics::
whole mRNAwhole mRNA
ProteProteome/ome/icsics: : 
whole functioning proteinswhole functioning proteins
MetabolMetabolome/icome/icss::
whole metabolites                       whole metabolites                       

OmicsOmics datadata

-omics



Then, what kind of  new possibility 
does omics information bring about 

to clinical medicine?

Then, what kind of  new possibility 
does omics information bring about 

to clinical medicine?

Other than the individualization information

Omics information provides
Other than the individualization information

Omics information provides

OmicsOmics are provided by highare provided by high--throughput equipmentsthroughput equipments
DNA chip/DNA chip/microarraymicroarray ((transcriptometranscriptome), ), 
TOFTOF--MS (proteome) etc. MS (proteome) etc. 

■■ DetaildedDetailded InformationInformation
for subtypes/detailed structures of disease for subtypes/detailed structures of disease 
Unobservable from conventional Unobservable from conventional clinicoclinico--pathological  pathological  

teststests
Detailed Diagnosis and Accurate PrognosisDetailed Diagnosis and Accurate Prognosis, , 
Early detection of diseaseEarly detection of disease

■■Comprehensive InformationComprehensive Information
WholisticWholistic understanding of diseasunderstanding of diseasee
Leads to Systems pathologyLeads to Systems pathology

Detailed and Comprehensive Detailed and Comprehensive molecularmolecular
information about current diseased statesinformation about current diseased states



Omics data provides clinically and 
pathologically unobservable information

Omics data provides clinically and 
pathologically unobservable information

Abnormality in Molecular NetworkAbnormality in Molecular Network

Differences of Prognosis,Differences of Prognosis,
Disease CourseDisease Course

Pathology, TissuePathology, Tissue
Same lookingSame looking

Same in pathology and clinical symptomSame in pathology and clinical symptom
But different in PrognosisBut different in Prognosis

Breast cancer

For exampleFor example

What is difference of Omics-based 
Medicine from

Conventional Genomic medicine, or
“Tailor-made Medicine”

What is difference of Omics-based 
Medicine from

Conventional Genomic medicine, or
“Tailor-made Medicine”



Omics-based MedicineOmics-based Medicine

Disease Disease SusceptibitySusceptibity
Drug responsibilityDrug responsibility

SNP, MSSNP, MS
Individualized

Medicine

Clinical PhenotypeClinical Phenotype

Genomic Genomic 
PolymorphismPolymorphism

GermlineGermline

extendsextends

TailorTailor--made Medicinemade Medicine

D
istant relation

D
istant relation

Integrated
Understanding of 

Disease
OmicsOmics

GermlineGermline

TranscriptomeTranscriptome
ProteomeProteome
MetabolomeMetabolome

ActualActual ComprehensiveComprehensive
Molecular Network StateMolecular Network State

ofof diseased diseased Somatic CellSomatic Cell

OmicsOmics--based Medicinebased Medicine

Clinical PhenotypeClinical Phenotype

Genomic Genomic 
PolymorphismPolymorphism

Omics-base medicine Includes but extends. Empahsis on comprehesiveness

What kind of approach is necessary 
to fully utilize the Omics data for 

clinical diagnosis/therapy?
I  propose…..

What kind of approach is necessary 
to fully utilize the Omics data for 

clinical diagnosis/therapy?
I  propose…..



“Systems pathology”“Systems pathology”

System theory of diseaseSystem theory of disease
Disease: Disease: systems failure of biosystems failure of bio--processprocess

Systems PathologySystems Pathology
Understand disease as disturbed systemsUnderstand disease as disturbed systems

Disease organizes itselfDisease organizes itself Formation of
Disease pathway

NormalNormal pathway to pathway to DiseaseDisease PathwayPathway

Comprehensiveness of Comprehensiveness of OmicsOmics data makes possible data makes possible 
to to understand a disease as an integrated wholeunderstand a disease as an integrated whole

Try to find disease mechanism Try to find disease mechanism behidebehide the the omicsomics datadata

Clinical  LevelClinical  LevelClinical  Level

Whole Body LevelWhole Body LevelWhole Body Level

Tissue-PathologyTissueTissue--PathologyPathology

Cellular LevelCellular LevelCellular Level

MorphologicalMorphological
ConstraintConstraint

IntegrationIntegration

Top
Top -- dow

n C
ausality

dow
n C

ausality

InformationInformation
shieldshield

B
ottom

B
ottom

-- up C
ausality

up C
ausality Pathological cellPathological cell

Pathological cell Pathological cell 
populationpopulation

TissueTissue--MorphologicalMorphological
abnormalityabnormality

Whole Body Coordination
neural, endocrine regulationneural, endocrine regulation

CellCell--cell communicationcell communication

signallingsignalling networknetwork
gene regulatory netgene regulatory net
metabolic networkmetabolic network

The first key concept of systems pathology

Disease is hierarchically organizated
integrated system

The first key concept of systems pathology

Disease is hierarchically organizated
integrated system



Example: HypertensionExample: Hypertension

Blood pressure raises by some abnormal Blood pressure raises by some abnormal 
supporting mechanism supporting mechanism at early stageat early stage

Neural regulationNeural regulation
Hormonal regulationHormonal regulation

But But after several monthsafter several months, if this condition is , if this condition is 
sustained, the genetic activity beginssustained, the genetic activity begins
to start capillary vascular remodeling  to start capillary vascular remodeling  
to sustain hypertension (adaptation by gene to sustain hypertension (adaptation by gene 
expression)expression)

What does Omics-based Medicine 
bring about to clinical medicine

What does Omics-based Medicine 
bring about to clinical medicine

Individualization of Healthcare Individualization of Healthcare 

Comprehensive (system) understanding Comprehensive (system) understanding 
of diseaseof disease

Specially drug administrationSpecially drug administration

With With omicsomics data and systems approachdata and systems approach



Road map of Genome Medical InformaticsRoad map of Genome Medical Informatics

Road map of Information system for 
genomic medical informatics

Road map of Information system for 
genomic medical informatics

2012015520020066

ClinicoClinico--genetic genetic 
data schemedata scheme

ClinicoClinico--geneticgenetic OntologyOntology

ClinicoClinico--genetic genetic 
Patient Record Patient Record 
Genomic EMRGenomic EMR

Genome clinicalGenome clinical
information systeminformation system

ClinicoClinico--genetic genetic 
Diagnosis/therapy Diagnosis/therapy 

supportsupport

Clinical Information systemClinical Information system

Translational research Translational research 
informaticsinformatics

R
ealization of nation

R
ealization of nation -- w

ide
w

ide
N

ation
N

ation -- w
ide inform

ation system
w

ide inform
ation system

Disease pathwayDisease pathway
modelingmodeling

Systems PathologySystems Pathology

Disease Disease 
hierarchialhierarchial
modelingmodeling



Ubiquitous Healthcare ITUbiquitous Healthcare IT

From  Conventional HITFrom  Conventional HIT

Ubiquitous Healthcare ITUbiquitous Healthcare IT

Healthcare IT EnvironmentHealthcare IT Environment
wherewhere Anyone Anyone can receive  Best can receive  Best Medical CareMedical Care

““Anywhere, & AnytimeAnywhere, & Anytime””

Extension of Healthcare ITExtension of Healthcare IT

build on the build on the wired network information systemwired network information system

To   open/distributed environmental HITTo   open/distributed environmental HIT

build on build on the wireless/open adthe wireless/open ad--hoc networkhoc network



Concept ofConcept of

UbiquitUbiquitoousus Computing Computing && NetworkNetwork

From Medieval Theological Concept  From Medieval Theological Concept  ““God exist anywhereGod exist anywhere””
((XeroxXerox MarkWeiser1986)MarkWeiser1986)

Computer chips and networks are embedded 
in the daily environment so that  users utilize 
them without any consciousness where they are.

■■InvisibleInvisible
■■Embedded discernibly in the environmentEmbedded discernibly in the environment

Distribution of Computing into the EnvironmentDistribution of Computing into the Environment

in the human commitment  
to his environment

in the human commitment  
to his environment

ConventionallyConventionally

recognitionrecognition actact

UbiquitousUbiquitous

Full Full 
Information Information 
knowledgeknowledge

HumanHuman
Environment

World

Sharing of Information/knowledgeSharing of Information/knowledge

Intelligentize
Environment

Sharing ofSharing of
ResponsibilityResponsibility

Absolute Intelligence of Absolute Intelligence of 
humanhuman

NonNon--intelligence of objectsintelligence of objects

HumanHuman WorldWorld

Environment
World

Innovative Concept of  Ubiquitous ITInnovative Concept of  Ubiquitous IT



Key Concepts of Ubiquitous ITKey Concepts of Ubiquitous IT
AutonomousAutonomous

Unconscious, no need for human operationUnconscious, no need for human operation

Context AwarenessContext Awareness
Works depending on the situationWorks depending on the situation

Sharing of the information and responsibility Sharing of the information and responsibility 
with environmental computing and monitoringwith environmental computing and monitoring

SymbiosisSymbiosis between human and between human and 
machine intelligencemachine intelligence

Conscious-free
Safe and Secure life

Ubiquitous Healthcare ITUbiquitous Healthcare IT

““Ubiquitous Hospital ISUbiquitous Hospital IS””

Ubiquitous Home HealthcareUbiquitous Home HealthcareUbiquitous Home Healthcare

Application of Ubiquitous ITApplication of Ubiquitous IT
To HealthcareTo Healthcare

Total ITTotal IT--izationization, Prevention of Medical Error, Prevention of Medical Error

Emergency, Disaster ITEmergency, Disaster IT

ITIT--zationzation of Home Healthcareof Home Healthcare

AdAd--hoc distributed ubiquitous networkhoc distributed ubiquitous network



“Ubiquitous HIS” is 
the 4th generation of HIS

“Ubiquitous HIS” is 
the 4th generation of HIS

Ubiquitous Hospital Information SystemUbiquitous Hospital Information System

ExcessExcess--responsibilityresponsibility of Medical personnelof Medical personnel
Should be liberated from Should be liberated from Myth of InfalliblenessMyth of Infallibleness

““To err is humanTo err is human””（（IOMIOM reportreport））
Deaths from medical error:Deaths from medical error:4400044000 to to 98000 (98000 (The 6The 6th th 

cause of death in UScause of death in US））
Cannot prevent by human efforts such as repetitive Cannot prevent by human efforts such as repetitive 
confirmationconfirmation or checklistor checklist

IntelligentizeIntelligentize Total Hospital SpaceTotal Hospital Space
Automatically support the prevention of medical Automatically support the prevention of medical 

error by environment error by environment intelligentizationintelligentization



Prevention of Medical ErrorPrevention of Medical Error

Ubiquitous IT-ization of HospitalUbiquitous IT-ization of Hospital

Total ITTotal IT--izationization of Hospitalof Hospital

ITIT--izedized Gap still remainsGap still remains
in conventional  HIS/EMRin conventional  HIS/EMR

IntelligentizationIntelligentization of  medical of  medical practisepractise
environmentenvironment

Generations of 
Hospital Information Systems

Generations of 
Hospital Information Systems

The 1st generation Departmental Systems
～75 Accounting, Financial system

Laboratory, pharmacy

The 2nd generation Order-entry systems
～85 Labo test order

Drug administration order

The 3rd generation EMR(Electronic Medical Record)
～95 Clinical Findings

image, schema,critical path



Limitation of Conventional
HIS/EMR-S

Limitation of Conventional
HIS/EMR-S

Field of Medical PracticeField of Medical Practice

PhysianPhysian→→injectioninjection orderorder→→NurseNurse
NurseNurse→→InjectionInjection→→PatientPatient

Conventional HISConventional HIS

Field of Medical Field of Medical PractisePractise

Conventional Conventional 
Information SystemInformation System

Intelligent SpaceIntelligent Space

Next generation HISNext generation HIS

Initial trialInitial trial Recording of Execution by BarRecording of Execution by Bar--codescodes
Nurse－Injection－Drug－Patient Wrist Band
（（International Medical Center of Japan POAS））

But Barcode: not autonomous and without multiple recognitionBut Barcode: not autonomous and without multiple recognition

Expectation for Expectation for ICIC--tag, tag, RFRF--IDID

Space 
Intelligentization

HIS/EMRHIS/EMR--SS

Extend  the information system to spann the
IT-net to cover the field  of medical practice



Patient Physian

Ward

Field of Medical practice

11stst

generationgeneration
22ndnd

generationgeneration

Department
Labo, Phamarcy
Radiology

AccountingHospitalHospital

4th generation HIS
Ubiquitous HIS

33rdrd

generationgeneration

Field of Medical practice

4th generation HIS
Ubiquitous Hospital Information System

4th generation HIS
Ubiquitous Hospital Information System

EMR + BarcodeEMR + Barcode--based recordingbased recording
EMREMR＋＋ RFIDRFID--based recordingbased recording
EMR+ EMR+ RFID+UbiquitousRFID+Ubiquitous IntelligentizationIntelligentization

U
biquitous IT

U
biquitous IT -- zation

zation

EMREMR＋＋Hospital Ubiquitous ITHospital Ubiquitous IT



Stages of Ubiquitous IT-izationStages of Ubiquitous IT-ization

Elemental stage:Elemental stage: Automatic IdentificationAutomatic Identification
Automatic Identification of ObjectsAutomatic Identification of Objects

Drug and Medical material, Patient by RFIDDrug and Medical material, Patient by RFID

Advanced stage: Environment Advanced stage: Environment IntelligentizationIntelligentization
Ubiquitous Monitoring  ofUbiquitous Monitoring  of

Patient Pathophysiological State (Vital sign etc)Patient Pathophysiological State (Vital sign etc)
Patient Physical/Behavioral State  (Location Movement etc)Patient Physical/Behavioral State  (Location Movement etc)
Medical StaffsMedical Staffs’’ Medical Practice (Location, Acts)Medical Practice (Location, Acts)

SensorSensor--attached ICattached IC--tag for monitoring patient/staff tag for monitoring patient/staff 
informationinformation
Intelligentization of Hospital EnvironmentIntelligentization of Hospital Environment

Administration of hospital spaceAdministration of hospital space

Elemental Stage: IdentificationElemental Stage: Identification

ICIC controllercontroller PCPC

antennaantenna

ICIC tagtag Reader/writerReader/writer

13.56MHz13.56MHz
950MHz950MHz
2.45GHz2.45GHz

devicematerialdrug

specimenspecimen

1. Efficient SCM1. Efficient SCM

2. Prevention of 2. Prevention of 
Medical ErrorMedical Error

Akita University HospitalAkita University Hospital

Order Check Server

Patient Patient 
Wrist BandWrist Band



Smart Medicine CabinetSmart Medicine Cabinet

Monitors the medicine that is placed 
in or taken out by a patient or 
pharmacist and displays information 
about prescriptions, incompatibilities 
or recalled drugs.

Department of Computer Science
Institute for Pervasive Computing,
Swiss Federal Institute of Technology Zurich

Smart Surgical KitSmart Surgical Kit

The usage of bandages and swabs 
during a surgical operation is 
monitored and the usage status is 
displayed to avoid leaving any 
operation tools in the patient.

Department of Computer Science
Institute for Pervasive Computing,
Swiss Federal Institute of Technology Zurich



Intelligentization of Total Hospital SpaceIntelligentization of Total Hospital Space

IntelligentizationIntelligentization of Hospital Spaceof Hospital Space
Ubiquitous MonitoringUbiquitous Monitoring of of 

Patient Patient PathphysiologicalPathphysiological /Behavioral State/Behavioral State
Medical StaffsMedical Staffs’’ PratisePratise

Total ITTotal IT--izationization of Hospitalof Hospital

Conventional HIS/EMR ＋＋

＝＝

Ubiquitous Position SensingUbiquitous Position Sensing

LocationLocation--sensor sensor 
Ubiquitous Motion Monitoring Ubiquitous Motion Monitoring 

Efficient administration of staffs in Efficient administration of staffs in ERER・・ICUICU
Administration of clean area and infectious Administration of clean area and infectious 
spacespace
Space recognition and TagSpace recognition and Tag--based identificationbased identification



IntraHospitalIntraHospital Location TagLocation Tag

Active TagsActive Tags

MonitorMonitor

Monitoring Patient Vital signMonitoring Patient Vital sign

Temperature sensorTemperature sensor
Respiration sensorRespiration sensor
ECG sensorECG sensor

pCOpCO22,,ppOO22 sensorsensor
Other Vital sign sensorOther Vital sign sensor

RFIDRFID
Active, Active, 
passivepassive



Continuous monitoring of vital signs

transmitter receiverWireless Network

Smart stretcherSmart stretcher

Automatic vital sign monitoring

transfer

Wireless Lan

Hospital PCs

Agent Processor
IP-address 192.168.0.1

Subnet mask 255.255.255.0

instrumentationAir-matt sensor

Hospital LAN

Wireless LAN

Wiress Lan adopter

LANRS２３２

￼

QuickTime?　
TIFF齦?鋘　　齧 燀瞨屴扦与忏厊
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Zigbee Network for Position DetectionZigbee Network for Position Detection

Location Tag

Gateway

PC

LAN Zigbee router

Time series signal of vital signTime series signal of vital sign

During transfer

Stop of 
respiration

Heat

Beat

Respiration

Movement

[V]

time[sec]StillStill



 

 

All Stretchers
information 

Alert

Alert systemsAlert systems

Smart stretcherSmart stretcher



Respiration Wireless MonitorRespiration Wireless Monitor

￼ ￼

PDA
Monitoring

Graphs

Menu 

State report

Patient Infomation
Zaurus SL-B500
OS: Linux(R) (Embedix(TM))



Continuous Location monitor of smart stretcher
(Monitor Image)

Home Healthcare ITHome Healthcare IT



Home Healthcare ITHome Healthcare IT

Virginia UniversityVirginia University

WWBAN: Wearable wirelessWWBAN: Wearable wireless
body area network (Mayo)body area network (Mayo)

Data Centor

Home Healthcare Devices Home Healthcare Devices 



Structure of
Medical Information Sphere

Structure of
Medical Information Sphere

RegionalRegional
Core HospitalCore Hospital

ClinicsClinics

ClinicsClinics ClinicsClinics

ClinicsClinics

Medical Intelligent SpaceMedical Intelligent Space Medical Intelligent SpaceMedical Intelligent Space

Med Information NetworkMed Information Network

Other Other 
Regional Regional 
Core hospitalCore hospital

Medical Intelligent SpaceMedical Intelligent Space



Medical Intelligent Space
HTTH: Hospital to the Home

Medical Intelligent Space
HTTH: Hospital to the Home

Intensity and distribution of MIIntensity and distribution of MI
Operating room: Most dense MIOperating room: Most dense MI--SpaceSpace
ICU, CCU, Ward, Outpatient clinic, Home careICU, CCU, Ward, Outpatient clinic, Home care

H
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HospitalHospitalDaily Daily 
LifeLife

ITIT--izationization gapgap

Intensity and Distribution of 
Medical Information

Intensity and Distribution of 
Medical Information

intensityintensity

distributiondistribution

Operating room

ICU,CCU

Ward

Outpatient clinic

Home healthcareHome healthcare
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Nation-wide Broad Band Network

２０１５～２０１０
Ubiquitous HIS Prevention of Medical Error

From Hospital to Home

Identification of Drug and Material by IC tag

Space Intelligentiization

Ubiqitous Monitoring

Home healthcare Ubiquitous IT

Health maintenance IT

Integration

Future of Ubiquitous HIT

Homecare Ubiquitous IT

Ubiquitous HIT

20020055 20102010 20152015

Standardization of Medical CareStandardization of Medical Care

EBM, Interoperable HER, Clinical Practice GuidelineEBM, Interoperable HER, Clinical Practice Guideline

Genome/Genome/OmicsOmics--based Medicinebased Medicine

Ubiquitous HealthcareUbiquitous Healthcare

Individualized Medicine, Systems MedicineIndividualized Medicine, Systems Medicine

Ubiquitous HISUbiquitous HISICtagICtag Home healthcareHome healthcare

PGPGｘｘ

Road map of Healthcare ITRoad map of Healthcare IT



Thank you for attentionThank you for attention


