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Part I: A Healthcare Application “?

Active Semantic Electronic Medical Record

@ Atheﬁs Heaft Ceﬁtef (use Firefox)
(deployed since Dec 2005)

Collaboration between L.SDIS & Athens Heart Center
(Dr. Agrawal, Dr. Wingate

For on line demo: Google: Active Semantic Documents



http://lsdis.cs.uga.edu/projects/asdoc/index.php?page=1
http://lsdis.cs.uga.edu/projects/asdoc/index.php?page=1
http://lsdis.cs.uga.edu/projects/asdoc/index.php?page=1
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Active Semantic Document

A document (typically in XML) with

e Lexical and Semantic annotations (tied to
ontologies)

e Active/Actionable information (rules over
semantic annotations)

Application: Active Semantic EMR for Cardiology
Practice

e EMRs in XML
e 3 ontologies (OWL), populated
e RDQL->SPARQL, Rules

i, = Services, Web 2.0
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Active Semantic Electronic Medical Record

&

Demonstrates use of Semantic Web technologies to

e reduce medical errors and patient safety

— accurate completion of patient charts (by checking drug
Interactions and allergy, coding of impression,...)

e Improve physician efficiency, extreme user
friendliness, decision support

— single window for all work; template driven sentences,
auto-complete, contextual Info., exploration

e Improve patient satisfaction in medical practice
— Formulary check

= improve billing due to more accurate coding and
adherence to medical guidelines

— Prevent errors and incomplete information that insurance
can use to withhold payment
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One of 3 ontologies used (part of drug.. e
ontology) 8

Dosage Form Intake Route
A
Formulary
3 Indication
A . . .

has_formulary has_indication

Drug has_interaction »| Interaction

|
has_type has_class reacts_with
A 4 A 4 A 4 \ 4
Type MonographClass Non-Drug Reactant Physical Condition
| v
CPNUMGTrp * x
Allergy Pregnancy
A 4 A\ 4
Generic BrandName

| *“ Local, licensed and public (Snomed) sources to populated ontologies
{
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Example Rules ;

e drug-drug interaction check,

e drug formulary check (e.g., whether the drug is
covered by the insurance company of the patient,
and if not what the alternative drugs in the same
class of drug are),

e drug dosage range check,
e drug-allergy interaction check,

e [ICD-9 annotations choice for the physician to
validate and choose the best possible code for the
treatment type, and

e preferred drug recommendation based on drug
and patient insurance information

6
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Exploration of the neighborhood of the dtug ey

Tasmar ..

Formulary 1498

Tasmar generic/brandname

beIon\ /b{ngsfl'o

CPNUMGroup_2119

interacts_with interacts_with Wﬁon
A 4 y

CPNUMGroup_2118| |CPNUMGroup_20| [Neurological ‘COMTInhibitors

| Telcapone

6 Agents
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Active Semantic Doc with 3 Ontologies

Athens Heart Center 2005 Prince Awvenue, Athens, G4, 30606 Phone; F06-208-9700 Fax: FOE-208-0806 | &

Jerek Chicken Visit on 10/28/2005 :
“ 325 PileORice Street, Athens, GA 30606

SSN: 123456789 MR #: 555555 Sex: M DOB: 01/02/1934 Age: T1

Harry Wingate M D JE  Kevin Adams M.DE
Family Practice

T06-795-9355

Other Physicians:

Problem List:
1. Hypertension (365.04) E

2. Cholecystectomy (576.0 ) E
3. Chest Pain E

Chief Complaint: Evaluation of abnormal EKG =status post abnormal Echo Evaluation of aortic stenosis status post arerial examination Cardiac
clearance for aneunysr remayval Follovs up of recent hospitalization at Barrowe Cormmunity Hospital for acute myocardial infarction.

History of Present lllness: He was evaluated at Athens Regional Medical Center ernergency roarm by Or. Harry VWingate He is here today for cardiac
clearance for @aneurysm removal The patient reports chronic moderate burning and cramping chest pain l[ocated across the chest, which radiates to the
arms. He reports that his chest pain is agoravated by movement. Tk — - —~ hreathing deeply Patient's history is positive for the
following cardiovascular risk factars: diabetes and family history of cor LE\J‘ el 3

rl,_ ™y
Current Medisations Drug Interactionﬁwﬂm@@ F@ﬂm

Coumadin tahlets 10 mg,1tab FE
Viagra 50 g, Ttabl 13 F E
Zyrtec 5 mog, 1tablE
Zyvox 2 mofml 1inf AE

Actos 30 mg, 1tah E

Allergies: LINEZOLID
Impressions:

1. Abdominal 2ortic aneurysm, advanced secondary to by a positive nuclear scan.
2. Abnormal cardiac study associated with chest tightness appears to be secondary to @ noncardiac cause as evidenced by arterial scan of loaer
extremities.

a blarkmal ~ardiae otk
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Explore neighborhood for drug Tasmar

28 AHC Acct Mo: 222222 - Microsoft Internet Explorer

File Edit Wiew Favorites Tools Help EXplore: Drug Td\s‘wdi/‘
Q) Back - ) B & @ | P search ¢ Favorites 4 -l B - "o 3

Address | &Y Cilesafinal xml

Current Medications
Intropin injectiond0mofml, 1 inj gd | B Intropin injection40mgfml, 1 inj\/
Tasmar tablets200mag,1 tab gd | E Achvil100mgiSml 1 susp gd F E
Tasmar tablets200mg,1 tab gd | E
Tylenol extended releaseB50mg,l tab erqd AF E
Pharmacy: Carson's Phone: 70B-754-4128
Commerce Orug Company Fhone: 708-335-3111

Allergies: AMPICILLIMN, WF DYE PENCILLIN TYLEMNOL

Past Medical History: Mo past trauma.

Family Histery: MMr. Frabhakar has a positive family history of coronany artery disease . The patient's crap? i= deceased.
Psychosocial: Mr. Prabhakar resides in a gpartment home. He is lives with her daughter to hkkl. He has excellent social support.
Life History:

Review of

Systems:

General Fatient reports gdaily ehills associated with ghest pain. These symptoms hawe not been worked up by his primary care physician Patient reports recent unintentional weight
gain. This problem has not been worked up by his primary care physician.!lerror! IPatient reports recent onset of gsevere trouble falling asleep. This problerm has been warking
up by his primary care physician.

HEENT The patient reports migraing headache

Genitourinary Patient denies dysuria Patient complains of regent onset of hermaturia Patient complains of ghronie presence of hesitancy Patient denies dribbling Patient complains of recent
onset of burning with urination

Hematologic Fatient reports history of blood transfusion as a result of anemia. Patient reports he did experience a transfusion reaction.

Skin Fatient reports frequent of mild pruritis associated with weakness. This problem has been worked up by the patient's dermatologist. Fatient reports a walnut-sized keratosis
that is located ower the entire body .

Psychiatric Patient admits to a history of panic attacks that is currently managed by comrmon mental health. His symptoms are felt to be not under contral.

Vital Signs: Height: 170 Weight: 280 Ilbs BP: 120/80 FPulse: 80 Respirations: 20

Physical Examination:
General The patient appears the stated age.

&] Dane ¢ My Computer
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Explore neighborhood tor drug Tasmar

Query View - DrugOnt_test_alt

o S B N B
@ comt_inhibitors
4 antiparkinsonian_agents
! d.ﬂ‘gfiﬁﬂinﬂ #Tolcapone @fonmulmy_ 1498
#neurological_agents /7€/0ﬂgf to Jroy, el
c/:zzr?ﬁ;;z%ﬂ brand / generic
interaction STasma
Ointeractionfuithfcpnumjro_up_.‘2-‘:07*
: dinteraction_with_cpn L group_2118
A Semantic browsing and querying-- perform
4cpnum_group_206 o g q y g p

decision support (how many patients are
using this class of drug, ...)

Nodes of Interest Arcs of Interest

 Use Selected (hone selected) Restrict Arc Types

Neighbours Results

Showy Neighbours

(@ Search By Mame edquivalent to

has instance

Mame: |Cpnum3ruup_21 15 |

has subclass
has_brandname_sgquivalent

[[] case sensitive
(] reqular expression
Restrict Node Types
Defined Class
Enumeration
Indlivicual
Logical Operation
Primitive Class
RDFS Class
Festriction

has_cphum_group
e o

haz_brandname_equivalent (Domain=Range)
has_brandname_egquivalent (Necessary and Sufficient)
has_brandname_egquivalent (Necessary)
has_brandname_prescription_drug
has_brandname_prescription_drug (Domain=Rance)
has_brandname_prescription_drug (Mecessary and Sufficient)
has_brandnarme_prescription_drug (Mecessary)

=S

- Arc Direction
- Dutgoing and Incoming Arcs
() Owtgoing Arcs
) Incoming Arce

Restrict Levels
# Levels: |2

<

ety
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Software Architecture

Active Semantic Document

REST WS Call (Tava Script & C#)
Lexical Semantic
XML
Client XSL } Tomcat‘ ;
(Web Browser)
HTML
Drug WS Prac WS 'CD\.E;EPT
. = A = & < r
> > =
Database A A _ B J _

/-r Static Ontology Holder /Jena

& [ & (1 &
JENA
API

-

DRUG Practice ICDO/CPT

il OWL FILES
11
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Athens Heart Center Practice Growth

Appointments (excluding cancelled/rescheduled
but including noshow cases)

1600
1400
1200 - —e— 2003
1000 | n _ = 2004
800 | m = M 2005
600 \-\'\// 2006
400 /
200 /
O +—& < < X B < | -
< < 3\ R AE,
.\@(\ s\éo (((b R (Qrg\ .§§\ N 0\)@ QQQ F € ¥

Increased efficiency demonstrated as more encounters supported

13
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Chart Completion before the preliminary o
deployment of the ASMER N

600
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Qb‘ Qb& *Qb‘ \QV Qb& AQb‘ 0063 KQQ.) \XQQD &Q@
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m Back Log
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Chart Completion after the preliminary
deployment of the ASMER

b
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NCRR
Integrated Technology Resource for Biomedical Glycomics .‘

Applying Semantic Technologies
to the Glycoproteomics Domain

e

1y Complex Carbohydrate Research Center = LSDIS
16
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Quick take on bioinformatics ontologies and their use,*

-
-

e GlycO and ProPreO - among the largest populated ontologies
In life sciences

e Interesting aspects of structuring and populating these
ontologies, and their use

* GlycO
— a comprehensive domain ontology; it uses simple
‘canonical’ entities to build complex structures thereby
avoids redundancy — ensures maintainability and
scalability

— Web process for entity disambiguation and common
representational format — populated ontology from
disparate data sources

— Ability to display biological pathways

= ProPreO is a comprehensive ontology for data and process
provenance in glycoproteomics

e Use Iin annotating experimental data, high throughput
workflow

17


http://lsdis.cs.uga.edu/projects/glycomics/glyco
http://lsdis.cs.uga.edu/projects/glycomics/propreo
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GLYCO ONTOLOGY

-
.-

e Challenge — model hundreds of thousands of
complex carbohydrate entities

e But, the differences between the entities are
small (E.g. just one component)

208

e How to model all the concepts but preclude
redundancy — ensure maintainability,

i scalability

19
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REE

B-D-GlcpNAc-(1-2)-a-D-Manp -(1-6)+

B-D-Manp-(1-4)-B-D-GlcpNAc-(1-4)-3-D-GlcpNAc

B-D-GlcpNAc-(1-4)- a-D-Manp -(1-3)+

N. Takahashi and K. Kato, Trends in Glycosciences
and Glycotechnology, 15: 235-251
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K[cc GLYCAN: G00020

i

Base

21

Help
Entry =00020 =1lycan
Composition|(GlcNAc)S (Man)3 (Asn)l
Mass 1302 .4 (Asn)
Structure | gicNAce—zMan_,
GleNAC, , Manb1—a GIcNAch1—a GlcNAcb1 Asn
\ q
2r\.-lan
e
GleNAc
00020
KCF file ) | KCaM
Class Glvcoprotein; MN-Glycan ‘C to
Reaction RO5987 RO5991 JCS
Pathway PATH: mapl0510 N-Glyvcan biosvynthesis
Enzyme 2.4.1.145 2.4.1.155
Ortholog KO: KO0728 alpha-1,23-mannosvlglycoprotein
beta-1,4-N-acetvlglucosaminvltransferase
KO: KO00744 alpha-1,32(6)-mannosylglycoprotein
beta-1, 6-N-acetyl-glucosaminyltransferase [
Other DBs (CCSD: 43fAZ 5058 TA3A 30028 33048 34937 25723 42024 43245
LinkDB All DBs | -~
KCF dat I JS tO
ata Show X
I\LJ A ==a | DE
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GLYCO POPULATION

Semagix Freedom knowledge

extractor

EleMAct1—z2Man
YES: Y

next Insta \

B1—a B1—d b1
GleNAC 3I"n.-'l'.-_ir'l GlcMNAC GlcMAC

Asn

b1 /
\1 q
Man

) [I[Asn]{[(4+1)][b-D-GlcpNAc]

i / {[(4+1)][b-D-GlcpNACc]
{[(4+1)][b-D-Manp]
{[(3+1)][a-D-Manp]

{[(2+1)][b-D-GlcpNAc]

{}[(4+1)][b-D-GlcpNACc]
{}}[(6+1)][a-D-Manp]

{[(2+1)][b-D-GlcpNACI{}}}11

Has
CarbBank
ID?

Already in
KB?

NO YES
v v v
Insert into iﬁ?ﬁgg t;) LINUCS to
KB 9 ‘ GLYDE
Base
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Semagix Freedom knowledge

Avl-v-f\ ~tAr

kflow

<Glycan #-glycan_a-D-Manp_4

H"L,
Uﬂ

ci:’
o

<aglyco
<residu I[cNAc">
Ny GIcNAC">
<resida "Man" >
<res @ N-glycan_b/o-GlepNAc 12 & N-glycan_core_b-D-Manp 4N-glycan_core_b-D-GlepMAc_@M-glycan_core_a-D-GlepNAc_A = e =
~re . i = m— § — “le="GIcNAC" >
</re
<re e="GIcNAc" >
</re
</res
<res| ®n-gycan_a-D-Manp_7 -~ _Man" >
sre e="GIcNAc">
</re
</res
</resi
</I‘e_S|d @ 1-glycan_bO-Glephac_14
</residul
</Glycan;

48
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Pathway representation in GlycO -

enzyoreaction_gc 4 4.1.201
O

emyﬁ"nggzenzyu enzyme_ec_2.4.1.145

M- Gchan—%UDDZZ " nD 241 (as
NG can BBt feactionee_
L 2=l &

BrZyo! W@%E'W4@ﬁéé§lﬁﬁ%aﬁmﬂ&%? #N-Glycan-coodda -

0 RDSBSE‘
’N—G lrcan GUDKY‘LSD

@ ﬂ,\ggrpgg;qm%qgtgn ec_2.4.1.14
BrEY0; RDEQSB enzyo: engme—ec 241143

ey 05986 A
@N-gycan-Gomhi1E a_A
enzyorgactiah_ec_2. 4'? 68

=

®1alycan EEWQSQ eEyn-reactlc'ﬁ\ﬁ ac 2 41144

o
) " By o; RUSQ.QUGUDM K ENZYO: erz\,rmé L BC f 41144
EFEYU-VEEU':'”D__ = XE%“J reactluﬂr’r ec 241 38 a A
n T

Pathways do not need to be
explicitly defined in GlycO. The
residue-, glycan-, enzyme- and
reaction descriptions contain
the knowledge necessary to
infer pathways.

ENZYO; reactldh 2c_2.4.1.101
Jenzyo enz\rrﬂ&)_ec 2 4.1.101

BN S Hmusniag 680
&&J char}r%y&%u;é E%WGU% ‘? o<1a
enzyﬂﬂ:@ﬂﬁam = $-alytanG001 71

Breyo:RO5979
i
chrycan 500009

enzvo RO5976

enzy ueé?é‘ﬂﬁ%a%'&”ﬁér%1 i

N’GIY&E&GUUUDB

OMgwam@mmw
- |E

¢Ngw&¢r@mﬁ%&63

enzyo enzyme mﬂr?ﬂ?ﬁ L3

: = POz et dol
e %ME.BQ% ﬁﬂﬁﬁﬂ

ON-GWHBRTW
Lin2} o'Ro6258 Y
®N-Glycan GAPEI5

=]
QP\J—G&.can—GUDUUE

elicy
- Rumﬂk&il@?%ﬁ G00p05

Tenzyo R%@ﬁewcan 00004
erzyao: reactlundecvz 1 131 s |

BNZy0.eMzyme %ﬁﬁtﬂﬁc:@
ENZyo; rea\itlnneé@vﬁﬁ@? e 2 4.1.13 Eﬁ? g . 1233 1132
e &N- Glycan Gooo03
o

Qwer,rcaﬂ”l%?:

emmmﬁ%bad?aﬁ n_gc_24.1.142
=a EMEyo: enzyms ec_2.4.1.142

erﬁ?%‘l’@rﬁﬁﬁﬁﬂ”@c _24”?“4141 A

QEnzyD!RUSESB

D
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Z.ooming in a little

catalyzed by enzyme 2.4.1.145

N-glycan_b-D-GlcpNAc 13

Reaction R05987

adds_glycosyl residue

b -glyca

| b-D-GlepMac_ 13 #M-glycan_a-D-Manp_7

Yo}

’N-ghrcan_b-E-GlcpNAc_M

b-D-Manp 4h-glycan_core_b-D-GlcphAc_B

& h-glycan_core_b-D-GlcpMAc_A

KEGG )

ystrate
15987,

by an
ssEC [

-

enzvu:reactid‘t)_ec_l 41101

Qb

ENZY0RMEYMe_egc 2.4

B

enzyoreaction_ec

L]
-

]
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N-Glycosylation Process (NGP) w
3 [ Cell Culture ] / !i
extract \ i

A 4

[ Glycoprotein Fraction ]

proteolysis

Separation technique 1

n

G :
© E:-—% Glycopeptides Fraction JJ

vttt ’ PNGase
n

Peptide Fraction JJ

| Separation technique 11
ni*m

Peptide Fraction JJ .
Mass spectrometry —-—
I . -
( ms data ] msimsdata | L
Data reduction 'lData reduction
_ mspeakist | ms/ms peaklist |

binning

! ' | |Peptide identification
'S N-dimensional array]< Peptide list
_ Data correlation ]

Sitanal 1ntearation
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Semantic Annotation of MS Data ==

830.9570) (194.9604) ( 2 PERE 1 Chargel

Lpar'en‘r ion m/z 0.2985 .3
688.3214 0.2526 \ﬁ: parent ion }
779.4759)  38.4939 abundance
784.3607 21.7736
1543.7476 1.3822

[fmgmen‘r ion m/z 15447505 5 9977
1562.8113 37.4790
1660.7776  476.5043 ['ﬂngmewrMn:]

abundance

ms/ms peaklist data J

27
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Semantic annotation of Scientific Data

in
- plycomics-0B1304 Protégé 2.1 beta  (file:\F:\elycomics\Jameslalycomics-081304. pprj, OWL Files) r- H’D”ﬂ \“‘
e — ]
Project Edit Window OWL Help s
hEE oo BR F3 AR B0 $ & B[S “
(C]]) OWLClasses |-
Subslass Relationship [0¢|) mass_spec_peak (type=owlClass) t-FT
: = S m
Asserted Herarchy &R s iz | e | - Brmotations E @@ﬂ.— sims_peak_list>
@ow\:Thmg lvass_spee pear ‘ Propery | __atme— | Lang = =
8uw\.DataRange : R — <paramet
& (5} data : . : :
(DHPLC_tata | DS Le instrument="micromass_QTOF _2_quadropole_time_of flight_mass
§ Cms_cata ol ctrometer”
@ms_peak_\ist o« ”
o Bmsimeta mode = “ms/ms”/>
! @paTS’mS—pea“—"s‘ <parent_ion_mass>830.9570</parent_ion_mass>
HPLC il [ Roserted | nferred | <total_abundance>194.9604</total_abundance>
mass_spec_peal : pH i
¢ @noaruw.are | Asserted Coniions RGN R | <>2<[z>
& Dinstnment f NECESSARY & SUFFICIENT has_m_to_z = =
i i) T | | <mass_spec_peak m/z = 580.2985 abundance = 0.3592/>
%gnurescence_sntsclgugﬂetelr‘ . | [ pesk ec_peak m/z = 688.3214 abundance = 0.2526/>
uarescence_aclivateq_cell_sorer i
(2 high_performance_liguid_chromatograph <mass_Spec_ =779.4759 abundance = 38.4939/>

A ?,[“5jj;fgf;‘gir_“ﬁjgs_spmmem <mass_spec_peak m/z = 784.3607 abundance = 21.7736/>

§ (C)tandem mass_spestomeler <mass_spec_peak m/z=-1543.7476 abundance = 1.3822/>
@ (Chfourier_fransform_mass_speckometsr E - -

@ (Chybrid_tandem_mass_specirometer e <mass_ . km/z = 1544.75 2.9977/>
g-8L?Lrgéiiﬂagf;;_es_‘]uefﬁug?te};;ss_spectrumeter c-jj)Disjui “‘U .@ 'ﬁb 52 @ ﬁ ﬁ@ 1562.8113 abundance = 37.4790/>

@Eruker_EiuTOF_Q_quadrupuIe_hme_of_ﬂight_mass_spectrometer <mass spec peak m/z = 16607776 abundance = 4765043/>
(C) Bruker_microGTOF quadrupole time_of fight mass_spectometer : - -
<ms/ms_peak_list>

ieramass_QTOF_2_quadrupale_time_of_flight_mass_spectrometer
(C) Wicrornass_Q_TOF FrIeTa _{ime_a_MghT_mass_spectrometer | %
(2) Micrornass_Q_TOF _ulima_cuadrupole_fme_of_fight_rmass_specirometsr §§
9'@tandem_ﬂme_uf_ﬂight_mass_spectrumeter :5
9‘@trip\e_quadrupu\e_mass_spectmmeter

& (C)insiument_companent 4 H

& e ore Annotated ms/ms peaklist data

@ (C) parameter _ist

(I HPLC_parameter_lst

& (CIMS_parameter list
@MS_anaIyzer_parameter_list
(CIW3_source_parameter Jist

1| @ (Chtask
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Summary, Observations, Conclusions

e Deployed health care application that uses
SW technologies and W3C recommendations
with some understanding of ROI

e New methods for integration and
analysis/discovery in biology driven by large
populated ontologies

e Projects, library and resources including
ontologies at the LSDIS lab:
http://lsdis.cs.uga.edu, WWW2006 paper

29
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