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Machine-readable data & knowledge will SIEMENS
shift paradigms

Patient-specific Non-patient-specific * Therapy selection

Diagnostic data Disease causalities » Treatment

= Imaging = Infectious diseases Diagnosis

= In-Vitro diagnostics = Addiction —\ -

= Physical examinations = Cancer /

= Genome, Proteome = Diabetes

Patient record Physician

= Family data = Education « Post-treatment

= Diseases = Experience result evaluation
Verification | . Aftercare

Action domain
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Machine-readable data & knowledge will

shift paradigms
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Non-patient-specific

Comprehensive models
= Anatomical m.
Physiological m.
Biochemical m.
Metabolomic m.
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Improving Models
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10. Discharge Status
@ 11, Comfort Measures Only
@ 12. Clinical Trial
@ 13. Transfer From Another ED
14. Arrival Date

15, Arrival Time

17, Initial ECG Interpretation

¥ Cardiac Cath Note (1)

Logged in as: 'sgmuser’  Facility: 'Health Entel
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Bruce 10/10/2009

VENTRICULOGRAPHY: Ventriculography revealed an overall preserved left
ventricular ejection fraction, . There was some inferior
hypokinesis, The left ventricular end diastolic pressure was normal at 4
mmHg. Central aortic pressure was 12959 mmHg,

ANGIOGRAPHY: Adequate cine angiograms were obtained, Circulation is right
dominant, The left main gives rise to the LAD and circumflex systems, The
drcumfiex has lurninal iregularities present throughout and is compromised

by a small first margingl, a large second, with some luminal

iregularities, The LAD has a large septal system, Around the first

septal and diagonal there is a S0-70% lesion.  Also prior to the takeoff of

the second diagonal there appears to be a 50% lesion. The LAD continues to

10/ 15/2009
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SIEMENS
Data Class Agents

' /1l Based on result
Test test result potentially

Result reportable? characteristics, classify test
result type

RSA
culture
L—0h DN,q Stool Ulture ® Screen
Text
IGNORE Resul
A Bl -2y
RN Od Culfu,- Chestx-
\'epo
Positivity Criteria Positivity Criteria Positivity Criteria
Result outside of known Result one of known positives Natural language processing identifies
condition in positive context
reference range (reactive, positive, present, etc)
Test Result Ref. Range Test Result Moderate growth of Methicillin
Exam ples of Lead 17 0-9 HIV-1 AB QL REACTIVE Resistant Staph Aureus seen.
positives 00> HepBSufAg >1000 <10 Hep CRNAPCR  DETECTED There is a left lower lobe infiltrate
CD4 Counts 489  55-1600 Chlamydia by DNA  POSITIVE consistent with pneumonia. Impression:

Left lower lobe pneumonia.
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REMIND Knowledge Platform

Images
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*Not considered a Medical device.
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SIEMENS
Analyze As You Type

Temperature is high, Blood

pressure is high -~ Entered flndlngs

" can be added to
Farient recerd ] the protocol

2011-05-01 3 Diagnesis J ﬁ|

2011-03-01 > Hypotension

ﬂl’he user activity (typing,\ A
highlighting) defines the 2010-08-01 > Systullc X
- " Allinformation )

Enter symptoms,
findings, diagnosis.

current focus and 25-09-10 > Symprons €
instantaneously triggers 2008-12.06 » Blood prevsire XXX relevant in the
N data analysis ) e ot context of the
current focus are
highlighted Y.

» The sound interpretation of a single data entry requires the reflection of how this information
relates to proceeding or succeeding information.

« Highlighting the semantic relations and contexts between the data entries at different time
points paves the way towards efficient and intelligent information access and analysis.

« Combining the process of entering data and data analysis the user is not slowed down in his
work progress.
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Analyze As You Type

Overview

Input

Time series of mixed
structured data like
measurements and
textual descriptions

Current context (e.g.

recently entered
words)

Processing

Data analytics

component

Semantic
knowledge

processing
component

Knowledge base

Domain model

Interaction and
context

detection
mechanism

Rendering

SIEMENS

Information need

» Process: diagnosis
= Context: fever

= Retrieval mode: on
the fly

Patient record
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Providing Contextual Cues SIEMENS

S I
G a8 =5 Diagnoses % Orders % Allergies % Procedures —:’ Observations —:’ Billing —_— i —

Note Entry _

i Insert Template Save Template Recent Notes

Possible Order Matches alx

AP: Drug

Lisinopril {lisinopril)

Test

Cardiac Echo (Adult) {echo])
Colonoscopy (colonoscopy)

2) HTN increase lisinopril, get EKG, consider ECHO EKG (eka)
Hab Alc Bld Qn |A (a1c)

3) Hyperlipidemia - overdue for lipids, get today Lipid Profile (lipids)
Lytes (Ivtes)
Prostate Specific Ag (psa)

1) DM - due for Alc, optho consult, lytes.

4) Screening- need colonoscopy, PSA

Cansults

Ophthalmology Consult/Appt {optho

consult
4) Screening- need colonoscopy, PSA
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Alert Manager - no alerts




Individualized Models
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SIEMENS

Based on data from large study, >4000
patients over 10 years

Genetic (SNPs), clinical, lab,
imaging, ...

Analyzed 100s of potential predictive
variables to identify the most
informative subset

Learned a Bayesian Network

predicts patients who are at high risk
to become hypertensive (AUC
>(0.85).

Model also suggests patient specific
interventions that can reduce risk for a
subset of patients,

Undergoing multi-site validation

G. Fung, S. Yu, T. Itterman, M. Nauck, R. Rettig, S. B. Felix, H. K. Kroemer, H. Volzke. “A combined diagnostics model for the prediction of hypertension
development,” AMIA 2010 (submitted to Circulation, Dec 2011)
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SIEMENS

Knowledge Extraction and Engineering

Search Explore Organize

Extract Advise

Aggregate

Text mining and information

retrieval

Semantic modeling

Machine learning :
and reasoning

Unstructured Relatlonal Semantic
1d textual data £ 'data £ ' data

- L=

-
=
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SIEMENS

Medical Knowledge Engineering Methodology (KEMM)

*M—__—_. _____—.“'l'ﬂm-mu

s = CJuery Pattern Derivation

split & prune = Ontology Identification

lect . .
= » Ontology Modularization

i
= Ontology Alignment and
— Integration
bty Gutabay \\ Ousiogy \\ Ontology \\ Cwwlesy ey Depioy- ° :
Mentificotion / /Modularizatiog) Customizgtio: J;:*.i::::;n Ontology i x Reasunlng _based Dntﬂlmgy

Enhancemant

Enhancement

validate

Testing

_-‘*-.__

___—-l'!—

= Deployment and Testing
= Medical ontologies

Challenge Application

= Semi-automatic identification of knowledge

requirements

» Handling of large-sized, complex and cross-

linked ontologies

= Alignment of the different perceptions and
understanding of a domain
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= Alignment between radiology-related OWL
ontologies

= [ntegration of Linked Data resources in the
context of Medical Image Search application

» Patient classification and extension of medical
Image annotations



Semantic Integration

= Access to heterogeneous knowledge sources by
mediating the knowledge models and providing an
integrated view of the data

» Synthesizing the understanding of a subject from
different perspectives

» Incorporation of new information into a body of
existing knowledge

Applications

» Horizontal, vertical, and longitudinal integration of
patient data, medical information and knowledge

» Establish mappings between Ontologies of
overlapping domains

Tasks

= |dentify the piece of knowledge required for an
application

» Discover the interrelation of knowledge pieces in the
context of the application

» Fine-tuning of established mapping results by
tracking user behavior

Page 15

Service 1

DB 2

DBlj

has subcomponent

bmw: Center

< YPe

CA

ERP Y

SIEMENS

Service 3

has subcomponent

Console
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Knowledge-based, medical services using SIEMENS
semantic annotated data

Semantic Quality Intelligent Image Multi-modal Intelligent
Search Control Navigation Diagnose Interaction Diagnose

Services

4
c
(]
(@))
(O]

—
c

Semantic Reasoning &
Annotation Inference

Semantic
Processing
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Dashboard Knowledge-driven Healthcare SIEMENS

Patient : Analysis

Gebartadatum | Dotum der Akte I YT
Manage cases and ol b ; ' Heart Analyze and
handle clinical il ML e ~ g . CEE X T W | document sympioms
conferences o g ' Spleen and diagnosis

Findings
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Similar cases

. ] Comparison / Recommendation
Analyze patient | ¥ . Find and compare
history with support) i s W similar cases and
of semantic search | ge== Lo amor ¢ o —r treatments
.: i by Sl e e
L]
2 Context Explore topics related
: Lymphoid cell  Oappesdes to the symptoms or
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: Knowledge & Communities Experts / Consultation
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— O e e l
== e okl TN ARGen ‘
) 2 UL ki Lo 2 i
ﬁ%ﬂﬁ;ﬁgﬁ:ﬁs “_____- B Manage consultation
in the domain H Rsalulichodizadiam process with experts
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To wrest from nature the
secrets which have perplexed
philosophers in all ages, to
track to their sources the
causes of disease, to correlate
the vast stores of knowledge,
that they may be quickly
available for the prevention
and cure of disease—these are
our ambitions.

Sir William Osler, 1849-1919
Father of Modern Medicine
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