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Abstract

The use of electronic medical records (EMRSs) has yet to reach its potential for information
visualization and achieve corresponding expected outco@esent EMR systems show
numerous healtllata with large amounts of textwhich are sometimes integrated in various
tables This type of presentation presents difficulties in promptly determining medical conditions
or quickly finding desiredinformation gven the volume of texts that needs to be refadid
these problemsgesearcherand developers have not explored the creation of easy and intuitive

user interfaces for visualizing EMRs

To bridge thegapbetween current EMR and ideal EMigstemswe promse a prototype
web-based pictorialisualization systenthat can be used by both patients and docibhng
systemallows spatial interactivity through representations of human body images (front and back
views) and temporal interactivity through intercentel time axes Medical historiesare
classified using 1physiological systems to enable efficient browsing of selected information
This <classification enables physicians to qu
accordingly make medical deons which are useful inemergencyrooms and intensivecare

units.
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Chapterl. I ntroducti on

Medi cal records serve as a central reposit
essential role in patient carln recent years, electronimedial record (EMR) systemshave
increasinglyimproved andcontributed to medical efficiency and hospital productivity EMR,
which is a | ongitudinal el ectronic record of
effective than papdraseddocumentation because of the advantages that it offers in terms of
storage, information sharing and information retrieareport fromthe Centers for Medicare
and Medicaid Services (CM®)dicatedthat approximately 80% of eligible hospitals and more
than 50% of professionals have adopted EMEs Nevertheless, theiacceptance in clinical
practicecontinues to ladpehindtheir potential andexpected outcomdsecausehe medical data
that accompany EMRs areften voluminous complex, disorganized[2] and difficult to
integrate Given the alarming rate at whithe volume of medical records is growing, important
informationis constantly difficulto obtaintherebyseriously hampering a physiciars di agnost
reasoningand theefficiency with whichhe/sheworks. Because of théimited time that health
care professionalsan devote taeceiving data, revieng and extraghg the recordghat they

need in a few minutesre challenging tasks

Current EMR systems have not realized their promising poteagidigital information
sourca from which medical data can be structured and visualized to maximize the convenient
extraction of target informatiolEMR systemsshouldenablephysiciansto quickly incorporate
or retrieve various typesf medicalinformation such as medication administration, physical

assessmest referrak, patientcomplains (e.g., symptoms), medicahistolies diagnoses, tests,



procedures, treatmesnt medicatios and dischage and immunizationdata Information
visualization(InfoVis) is onemethod by which thgalue of electronically available medical data
can be increasef]. Given thatIinfoVis presents medical data in intuitivanderstandable
recognizablenavigale, and manageabl®rmats, users carapidly extractuseful information

from medical records

Another important issue for consideration is likelihood thatpatientswill want to take
anactiverole in managing theihealth Resarch has shown thavd-thirds (65%)of patientsare
interested inelectronicallyaccessing their own personal health informatiéh and want to
monitor their illnesss through awarenessf their symptoms, diagnogs, medicatios and
treatmers. In such cases, a useful resource ispiesonal health record (PHR), whittilitates
patient involvement inhealth care The problem is thamany PHR systems are physician

orientedand do not offepracticalfunctionalities br patients

1.1 Analysis of Qurrent EMR s

1.1.1 Commercial EMR Systems

Many commercial EMR systems combine tbased methods of record keeping with
modern table and graph formatdost vendor systems suppdite completon op hy si ci ans 6
daily clinical tasksand administrative tasksPopular commercial EMR systems, such as
EpicCare [5], Allscripts [6], and eClinicalWorks [7], offer functionality for problem lists,
electronic pescriptions, allergy checks, medication management, order management and billing
These systems therefocentain various texts, such as documents, oraetisnotesA frequent

mode ofvisualization in commercial EMR systems is the flowsheet, which i®lwidsa in



intensive care unitflCUs). It contains key medical variables for a single patient ovgiven
period andhus emphasizes trends and abnormal vaNamerous othesystemssuch as IBM
Watson HealtH8] and OracleHealth Sciencef9], often include automated analysis techniques

that are based anachine learning and dataning.

Despite the advancements achieved vatiirent systems, the availability of medical
information does nonhecesarily translate toeffective supportfor health care providersin
complexdaily tasks.Substantialmedical information isclassified in ways that fail to satisfy
physiciars éequirementsMany doctors complained that thaye compelled tepend 12 more
hours on documentatierelated activitiesluringeach shiftthus leavinghem less time for actual
patient carewith the use ofEMRs [10]. Under this situation, physicians have no way of
determininga patiend everall healthproblemsin time. Current EMR systems facilitatbe rapid
incorporation and collection afnedical databut lack necessary functionalities faemporal

gueries anexploratory analysis tasks.

1.1.2 Prototype EMR Systems in the Literature

A considerablenumber ofEMR approaches have been proposedupport higHevel
decisionmaking andeffective searching ithe medical domainLifeLines [11], the web-based
interactive visualization syste(VBIVS) [12], KNAVE Il [13], LifeLines2 [14], LifeFlow [15]
and OutFlow [16] aretimeline-based toolsisedto organize and display medical recoribese
tools use dos to indicate time events and line segments to represent patiaghich medical
eventsoccur along a horizontal time axisMoving the mouse pointeiover a line or double
clicking on any lineenales access to more detaighile graphical attributessuch as coloand

line thickness, improve system display. Some other systamst asMlidgaard focuson body

3



centric data layoutthat support patient data mapping with a templatehefhuman body17].
The Five Ws systenfil8] also use a human body templafesentedt thecenterof a sunburst
visualization which allows doctorto immediatelydeterminewhich partsofip at i entarés b o d:

diseasd andevaluatadiseaseseverityon the basis ofolor codes[19].

Although prototypeEMR systers enablgphysicians to reteve medical data odemand
and providevaluable assistance for data analysis and decision makiogfof these systemdo
not offer spatialand temporamedical informationcombinel with a configuration that reflects
within-medical recordrelatiorships Few of thesesystemsalso supportthe classification of
information on diseasesUltimately, these deficienciekinder thephysicianpatient link that

enhancephysiciars diews andobsenatiors of medical conditiorand selitreatmenpractices

1.2 Motivation

Existing usability problems incurrent EMR systemsvere identified by the Health
Information and Management Systems Soc{@tiMSS) [20] andtypically revolve around the
failure to adhere to EMR desigprinciples, such assimplicity, naturalness, consistency,
minimized cognitive load, efficient interactions, forgiveness and feedback, effective language
use effective information presentaticand contexireservationThe problems highlighted by
the HIMSS underscorethe needto find novel integratedand intuitive ways of visualizing
medical records Correspondingly, thanain motivation behind this work is the desire to
determinea method otlearly displayng medical information in integrated vievilsat show all
kinds of medtal data and the relationips amongthese dataA system underlain by these
attributesis expected to enable @mprehensive descriptiarf patiens @ealth information so
that physicians can quickly understatiteir health conditions. Thesystem wouldoffer use

4



efficiency and reduce cognitive loddaffordances that necessitate an easily perceivable and
uncluttereduser interfacahat presentsmportant medical informatiornMedical information is

typically inaccessible to patients, who atteus frequently underinformed about their own
treatmentcourseq21]. This workaims to address this problem bsgtablishinga patientcentric
informationdisplay system Our system focuses on providiag interactive display for doctors
tonavigate and extract easdyandéonpatests torecdrd artdack 1 nf or

their personal medical conditions and history.

1.3 Objectives

The coregod of this thesiss to design and implemeatpictorial visualization system
that displays spatially and temporallyclassified medical informatiorover a problem and
positionbased interfaceAn ideal EMR systemshould offer rapidand intuitive accesso
informationin easily digestible amousiand meaningful format The interfaces of our system
can resolve theinconveniencepresented bylongitudinal data andconvert such data into
structuredform that reflects patiens dnedical histoiies, treatment plans and otheelated
information The spatial arrangement of medicatord aligns with the principles that underlie
the design oproblemoriented medical recosdPOMRS). Through our system,hysicianscan
communicate directly with patientand exchangenformation on medical issuesWe also
providea useful patient portal, which not only contains medrdatories collated byhealthcare
professionaldut also allows patient® entersymptom, sétmedication and selfeatmentdata

into the system

Theanatomicapositionbased displagf the visualizationsystemfeaturesclickablefront
and back images ahe human body as an interactive navigation interface, which links to a

5



description ofhealth conditior to help patients/doctors quickipcorporatenew record and
easily review medical dat The systemalso consists ofwo clickablézoomabletimelinesthat
show historical records on a common time axisThe first is theicon-based timelingwhich
reflectsspatialmedical events (diagnosis, medication, treatnmaedical imagingandlaboratory
tesing), andthe second is theontinuous timelinewhich displaysemporal dataFinally, the
Sy st eajoddisease displayllows doctors toimmediately obtaininsights into important

issues from compleRistoiical records

1.4 Contributions

The positionr and problerrbased interactiveisualization systenfeaturestwo integrated
displays, namely, th®HR and EMRIinterfaces,to enable physicians to viemedical data
communicate directly with patiesitandexchangenformation onmedicalissueswith them The

contributions of this work are detailed as follows

1 Wedesigntwo user interfaces with different input and output functiacsessible tpatients
(i.e., PHR interfacg and physiciangi.e., EMR interfacg to ensure thesimplicity and
usability of the visualization systenfihe viewing andinformationexchangesnabled by the
systemcontributes to the derivation bkalthoutcomes that can leetter than those achieved
with existing PHRsystemsWith the systempatientscan monitor their healh by entering
symptons (denoted by aotted circular indicatgrand selfmedicationgelf-treatmentdata
(represented by solid circular indicatorjor mapping into gosition ina 2D representation

of thehuman body



1 Medical information is sgelly structuredin the systemWe usea problemy and anatomical
positionbased displayvith front and back views dod 2D representation of theuman body
The system supportthe use okeveralcircular indicators(solid coloredcircle for diagnoss,
dotted black circle for symptosnand solid black circl€or patient seHmedicatiorself
treatmen}, which can béocatedin thefront or back view This featureenablegphysiciango

rapidly access and understaa@ a t i hestoryand determine the prexsce of diseases

1 Our system containan integratedphysiological systenand 11individual physiological
systemsseparatedy color codes These enable disease classifica@oml allow doctors to
survey and focus on certain diseagethout delayTheindividual physiological systemare
the skeleta] muscular, immune, reproductive, cardiovascular, respiratory, digestive, nervous,

endocrine, urinargnd skinsystems

1 The system offers twalickabldzoomabletimelines that show histoiical record on a
common horizontal time axi§he iconbased timeline shows spatial medical evénas are
clickable to obtain related informatiofe.g., medicine name, dosageliseaseseverity,
treatment type The continuous timelinedisplays temporal data frondiseaseonset to

recovery
1 Threetypes ofinformationfiltering are adoptetb help users quicklpccess informatian

o0 The time filter can be usedo perform scroll banavigatedviewing of medical

records for &elected year

o The button for thehysiological sgtems otthat formedical eventgan be clickedo

accessmedical record on the basis otimelines For example, users caapply



filtering so thathey viewonly the medicines itended for theligestive systerover a

giventimeline

o Our systenprovides anajor disease timeline displ&yomeimportant medical evest
can berecordedas a major diseasandthe timeline shows the events relatednly to

major disease

1.5 Thesis Structure

The remainder of the thesis is organized as follows:

1 Chapter 2 providea background to EMRs, including basic definitions, concepts, users and
components. It also presents an analysis of existing EMR systems and prototype PHR

systems. Some popular commercial EMR systems are also examined.

1 Chapter 3 discusses the system deaighimplementation. It begins with a description of the
systembs wor Kevdl arehitecaurald franiewagkh after which it presents the
techniques/tools used in the proposed syster

interfaces and compents.

1 Chapter 4 presents ser s0 f e e db a cWe uteocriterid forethe sisalslity eoim .
information visualization and the EMR criteria formulatgdthe HIMSS . Commentdy two

physicians anthe benefits and limitations of our system are discussed.

1 Chapter 5 concludes the thesis. It summarizes the components of the system and the

advantages derived from it and briefly presents potential future work.



Chapter2. Literature Review

This chapterdiscusss related researchn EMRs InfoVis and existingprototypeEMR
systemsand commercial systems. First, weovide abackgroundto EMRs, including EMR
definitions, userscomponentsnd structuresSecondwe present relevant backgrouradjarding
InfoVis and visualization techniquedrinally, we discussthe advantages offered hkisting

prototypeEMR systemsand commercial systems.
2.1EMRs

EMRs are usuallydefined in accordance with the definition of thimternational
Organization for Standardization (IS{B2]; that is, they are document®mmonly used to
describe past, current and prospective patientitionsin digital form, which allows healtbare
professionals quickly and effectively capture clinical datd23]. An EMR also include
information regardingpatient demographicand administration, scheduling, billing, decision
support, access control and policy managepwder management, guidelinesdterminology
recording, querying@nd analysisof population healthrecording, queryingand analysif the
services provided byealth care professiond; recording, queryingand analysisof business
operationsandresource allocatiof22]. Figure2-1 illustrates a workflow in an integrated health
information environmeni24]. The figureshould be read from the inside out, starting at the level
of theEHR environmentfrom whichsome basic informatioon patient health andentification,
drug dataand e-prescrptions, among other data are availabldne next level isthe full

functionality dimension, whichcomprisesother hospitalservices sud as decision support,



guidelines and protocold.he thirdlevel is the provider dimension which presentadditional
services for public or private health information faciliti€sgure 2-1: A health information

environmentpresentshegeneral landscapef EMR usage in &ealthcare institutiof22].
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Figure2-1: A health information mvironment24].

2.1.1 Users and Component®f an EMR System

EMRs are used by different health care professionals anthe administrative staff,
depending orhealth care situatian EMR usersinclude [23] physicians, nurses, radiologists,

pharmacists, laboratory technicians, clerk or administrative staff, secretarial staff and patients or
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theirfamily membersThespecificEMR systencomponents that are accessed by EMR users are

listed below

1 Physicians Referrak, symptoms, medical histes, physical examinati®) diagnoses, tests,

procedures, treatmespimedicatios, dischargelata
1 Secretarial staff. Procedures, problems, findings, immunizatiata
I Pharmacists Medicatiors

1 Nurses: Daily charting, mdication administration, physical assessmemtur ses 6 ad mi s

notes

1 Patientsfamily members: Histolies diaries, test

2.1.2 EMR Structures

The structure ofn EMR systemhas changed over timeith the earliest classification of
EMR systers provided bythe American Nurse Association[25]. Existing structures can be
roughly categorized into three groups: thoéented, sourceriented and problerariented
medical record [26]. The traditional sowe-orientedstructurehas been used in hospitals since
1900[27], and thetime- and problerrorientedstructures emergeatound 1970Currently, most

EMR systemsombine all threstructures

2.1.2.1Sourceoriented Medical Record

In asourceoriented medical recordataaregrouped and organized accordance with a
hierarchythat reflectssuppliers or soureeof information Sources caie individuals,such as

physicians, nurgeandsecretariaemployeeswho areinvolved inap at i ent 6 s Tlhiegpr e pr ¢
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can also bdaboratory sourcg such as test(clinical chemistry hematology, etc.), specimen
(blood, urine, etc.) and substascgsodium, potassium, etc[p7]. Sourceoriented medical
record facilitate the organiation of medical information, bubbtaining acomplete medical
recordof this structurefor each patients difficult because othe presence dragmented and

separate medical providers.

2.1.2.2Time-oriented Medical Record

By virtue of thelabel, ime-oriented datare thoseelated totime. Thus, atime-oriented
EMR containsdata onmedical histaes and physical examinatisnn structuredform, and all
medical data can be displayed in a flowshe#D (data x time matrix) that enablesthe
visualiation of healthevolution over time [28]. Each patient dsrelateddi c al
laboratory values, a drug list and a partial list of major clinical manifestafg@jsA time-
oriented summary can seras the entirenedical recordput access to detailed records is a
separate additionaption. A number of existing EMRs allow users to interact with data and
time, as withbrowsing and searchingith the help of aime axis Figure2-2 presentdMidgaard
temporal data with medical events three linked time axe$30]. The Midgaard system
integrates the dispy of different measurement®.§., blood gas and blood pressure) and

corresponding temporal abstracti@igheoverview level.

2.1.2.3POMR

POMRs, whichwere introduced by Lawrence Wed®1], containan index list that

defines ede medicalproblem.Specifically, notes are taken for each problgvat corresponds to

12



a patient, and each problem is describmd the basis ofubjective information, objective

information, assessments and gl€®OAP)[32] [33].

8:45:13 sun 0. Dec 2002
View -

® Physiclan
Nursing Staff

:45023 0108
_Sun @ Dec 2002 Fri 16 May 2003

Figure2-2: User interface of Midgaar0].

1 Subjectiveinformation [33]: Subjective observations includegp a t i desciiptioss of pain
or discomfort, the presence of nausea or dizziness, aipeablem first startecénd other

descriptions of discomfodr illnessdescribed by the patient
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1 Objective information [33]: Objective obsevations include symptoms thatan be
measured, seen, heard, touched, delsmelled. Includedas well, arevital signs such as

temperature, pulse, respiration, skin caondswelling.

1 Assessmerd [33]: Assessments providenformation on thediagnosis ofa patients

condition. In some casgbe diagnosis may be clear, such as a contusion.

1 Plans [33]: A plan may include laboratory and radiological tests orderedafpatient,
medicationsprescribed treatments performed, patient referrals, patient disposition, patient

directions and followup directions for the patient.

A POMR consists ofa complete listoAp at i e nt 6 andppovidedprogeesssnotes
related to each problemther tharthe usual notes ompresent illnessTwo principlesunderlie the
structure ofa POMR The first is focus on individualproblens, which meanghat a set of
relevant medical datareassociated witla singleproblem. For exampleéhe associated medical
information displayedfor a patient with diabetes mellity27] includesa selection of medical
datg such as blood glucose lewvahdinsulin medication. The second principle is thatSOAP

within amedical recoréghouldreflecta physica n mannerof thinking[27].

2.2InfoVis

InfoVis focuses on representing data in a way that is easy to understanthigipdlae
for such data to beiseful in daily life. Inf&/is is connected with interaction and visual
representatiofor improved interactivelemonstrabn of data and informatiof34]. This section

briefly introduces InfoVisafter which it presentsome popular InfoVigprogrammingtoolkits
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(Improvise, Google Charts API, Google Map APl awdtadriven documents OO3)).

Representative InfoVigechniques and InfoVis examplase also discussed

InfoVis is the study of visual representati®of abstract and complex datd reveas
hiddenpatterrs for the purpose akinforang human cognitior{35]. If a datasets excessively
large and contains too much texgcking ideagrom the entiredatasewill be difficult. A report
from theUS Institute for MedicindlOM 2011) statedt h anformétion visualization is not as
advanced in parts of clinical medi ci[B& as
Currently, InfoVis is widely used in mangectors that requirelata analysid37], such as

busines$38], sciencd39] andsports[40].

2.2.1 InfoVis Toolkits

InfoVis has attractedonsiderable researeittention and deslopment Researchers have
introduced a number of tools that proidch options forvisually exploring dataThis section
describesome programming toolkithat are popularly used fwesentive data and allowser

interaction.

1 Improvise: Improvise[41] is a fullyimplemented systenin which users interactively build
and browse multiview visualizations of relational datasimple shareabject coordination.
It enables users tmteractively load data, create views, espfy visual abstractionsaind
establish coordination. Improvise is written in Java, and visualizations are saved to and
loaded froma disk by usingan XML document. Improvise and the documents produeéh
it are independendf platforms It allows usersto build highly coordinated visualizations

combined witHive properties and coordinated queriEgyure2-3).
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Figure2-3: Visualization of a simulated ion trajectory in a cubic ion trap using Imprf4ide

1 Google APL With Google Chart Tools, users can create charts from data samctelisplay
them on variousbrowsers and platforsmbecause Google Charts are based on HTML5.
Google APIsuppors many basic chart types, including pie charts, scatter charts, gauge
charts, line charts, bar charts, treemaps, combo charts, line charts, bar charts, column charts
and area charts[42]. GoogleChartscan also be used tisplay other types ofisualized
information, such as timelise Users an create a variety of visualizations by combining
Google API toolkits.Figure 2-4 shows avisualization of geocodedata fromWikipedia
articles[43]. The designemtended to allowusersto search andicquiredirections tothe

location of aWikipedia article.
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Figure2-4: Google API Toolkitavas usedo create this visualization of geocoded Wikipedia

articles. The circles are marker clusters. Users can conduct spatial queries on #®&.map

1 D3: D3 is a very popular toolkit used to displlfoVis data on the web. It is a JavaScript
library that brings data to lifeby using HTML, SVGand CSY44]. D3 enableghe direct
inspection and manipulatioof datafor conversion into @ocument Object Model (DOM)
that exposes the hierarchical structure of page content. For example, users can use D3 to
generate an HTML tabléom an array of number or use the same data toeate an
interactive SVG bar chart with smooth transitions and interae{db]. D3 ensures easy
dynamic visualizationand fast implementationas well assuppors large datasets and

interaction and anirtian. interactive

dynamic behavious for Figure 2-5 shows

visualizatiors built with D3.
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Figure2-5: Some interactive visualizations built with O3eft to right:Calendar view, chord
diagram, choropleth map, hierarchical edge bundling, scatterplot matrix, grangsdcked

bars, forcedirected graph clusteend Voronoi tessellatiof4].

2.2.2 InfoVis Techniques and Examples

InfoVis design highly depends on underlying data and ttien best approach to
displayng the datais chosen Different data have different characteristics and pattevhsch
need specific techniquedor visualization In dealing with data, understanding information
distributionis usually key to seing many problems. In this section, wescribeseveral popular

InfoVis techniquesandinfoVis-based analyses dffferentdatatypes.

A Treemap: In the 1990stree structures representedrmdelink diagramsgrew too large for

effective use, thus prompting the developmentreérnag, whichdisplaytrees in a space
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constrained layouf46]. A treemapdisplays treestructured datdby using a set of nested

rectangles. Each branch of the tree is ghowa rectangle, which can be divided into smaller

rectangles tallustrate subbranchesleaf nodes areoften characterized bylifferent size

attributes to show proportion amtifferent colors to show speciti data.A treemap enables

users to compare nodes and-tni@es even at varying degtim atree,thereby affording users

thelegibility requiredto simultaneously display thousands of itemsa@creenA successful

applicationof treemag for productsearchanddisplaywas achieved bifive Group(Figure

2-6). The treemapprovides daily updates on more than 34,000 products from Amazon.com,

thusallowing usergo view all the products, compare prgand refer tocustomer ratings.

Suchtreemap can help usdarsmediatelyfind what theyneedto make a purchasing decision.

- E
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A Parallel coordinates Parallelcoordinatesverefirst designed bylfred Inselberg48] in the
1970s as a wagf visualizingindividual data elements in multivariate datas@uly several
dimensions can be shovem most standard chartisut parallel coordinates can hellustrate
many dimensions. Each dimensisndrawnwith parallel lineson avertical axis, and each
data element is represented as a polyline along dimengiéhsSpecifically, the lines in
paralld coordinates connect different variablalues, whichmeasure multiple aspects an
item, such as home value, farm aamgeand average incom&igure2-7). Figure 27 consists
of 3,138 lines, one for each county in the United Stdtesparallel coordinates can be used
to compare and highlighihe factors required imteractive analysis. Ithis casea usercan
look at the profile®f the 10 counties with the largest populatiohsghlighting thevalues of

the populationsautomatically highlights theorresponding lines.

cover Page [T FILTER PANEL x
Multivariate Analysis of U.S. Counties v v x |LTsee atch fiker
B County
100 % e
30 % [Tu] 3]
Home Valus (§)
80% o 1,000,001
. D— ]
0% Farm Aoz
s, o 6,209,424
60% (3 — ]
50% [ include empty values
s prom——— ®
0% 5212 44,062
0% 11
Fopulation
20% 67 9.519.338
DX 4
0% +55 Populaticn %
0% 18 47
0 14
Home Value ($) Farm Aces Average Income (5) Population +55 Population % College Graduate % Lite Expectancy T
49 63.7
Table v x||| &3 )

21| hemplyment %

Farm Acres | Average Income (5) | Populaiion 7] +65 Population % |_College Graduate % | Unemployment % | Lite Expectancy

b
[¥] Include empty valuzs

CA San Bermaudino 131.500 924,015 16,856 1.709.434 86 159 2% 75
CA Santa Clara 446,400 318,654 32,795 1.682,585 95 405 2% 78
FL Broward 128,600 30,897 23,170 1623018 161 245 2% 76
CA Fiversides 146,500 509,031 18,689 1,545,387 12.7 16.6 2% 76 v

Figure2-7: Parallel coordinates showing multivariate analysi$JS counties, highlighting the

10 counties with the largest populatig48].
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A Sankeydiagram: A Sankeydiagramis a type of flow diagramwhereinwidth illustrates

flow quantity. One of the early exampleta Sankey diagram is CHar s

Napol eonoés

Mi nar dos

Ru s s i §50]. CererallyaSamkey diagram Yidudlizes energy

distribution and transformatioprocesses. It presents directedighted graphs that satisfy

Ma

flow conservation: the sum of incoming weights for each node is equal to outgoing weights

[51]. Canadian Energy System Analysis Research (CESAR) created GCasemday

systemg52] by usinga Sankey diagram. The systems show sources and sishgeergy

and emissions across Canadal therefore helps peoplmderstand the challengdsat we

face and identy alternative pathwaygoa mores st ai nabl e

f2010 energy .

system[53] is shown inFigure 2-8, whereresourcesre positionedn the lefthand side of

the diagramand serviceappear orthe righthand side.
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Figure2-8: Sankey diagram showing [5@anadads
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A Force-directed graph: A forcedirectedgraphinteractively representsgwork visualization,
thereby enabling the easgarrangment filtering and exploation of connected dataA
force-directed graph is essentially a physics simulat®&cause nodegossess negative
charge they repelone anothereach linkbinds toits corresponding nodes and holdsse
links together The pushing and pulling forces work on the netwaik enable the
identification of spots where adjacent nodes can be positioned near, but not excessively
close, to one anothgb5]. Neal Carer{56], from the Uhiversity of Carolina, generated a
network of sociologyy usingaforce-directed graph to display the relationsbigwo works
cited in the sam journal article Figure 2-9). Each node in the networtorresponds to a
paperthat was cited in journals between 2008 and 2012. lwe®created betweetine two
works when theywere cited in the same articlgs7]. The graph serves as a good
represerdtion of contemporary trends in sociology. Some of the areas involve large
guantities of works that are frequently mentioned togethvberes other areas are more

sparsely connected.

£=3 <>O
o
) S = ooo
o o
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o
@ o &
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Figure2-9: Forcedirected graph showing a sociology citation netwéK.
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From several InfoVis toolkits and techniques previoustwo chapters InfoVis can
represents large dataset and convey meaningful information qutchbe EMR system contains
a large amount of dataset, wdopt Google/isualizationAPI and D3, which make our system

interactive for use.

2.3 Existing EMR Systems

Numerousvisualization approaches have been proposed for medical patient resatds
new systems aremergingoecause othe extensive use &MRs. This sectiordescribs stateof-
the-art prototypes of InfoVisystems for EMRs and PHResddiscusgsinteresing commercial

EMR systems, such as EpicCare, Allscrigntsl eClinicalWorks.

2.3.1 Prototype Systems

As previously stated medical decisionmaking is a complex procedgbat requires
physiciansto retrieve useful data from large amounts of informatismch aspatient status,
medical historyand past and ongoing treatmenAll this information isintegrated inan EMR.
This section comprehensively describes mhest representativprototypes ofEMR and PHR

visualization systemsompletewith figure descriptios.

2.3.1.1Prototype EMRs

1 Lifelines: Lifelines was developed and released in the EA680s bythe University of
Maryland[58]. It is one ofthe earliessystems for visualizingatient datssummaies, with
the system featuringraphical attributessuch ascolors and linesto show patient medical

events.On the basis oklectronic health datd,ifelines provides a timeline of a single
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patientds histor i cedlon aehoreontalsaxis, and medical eventsl i s p |
(problems, allergies, diagnoses, t¢alatory testsimaging, medicatios immunizationsand
communications) are listezh a vertical axi$59]. The systencenters on the display afany

medical variablesnthe same screeso thatusers caeffectivelyretrieveinformation.

Lifeline s s97 Ssr97 10 o7 13 go7 A2 97 1s98 2s98 398 . sos
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Figure2-10: User interface for Lifeling[58].

Figure2-10 shows32 different events. Lines are segmentedahorizontal time axisto
which users can zoom and pan to vievere orfewer details line color and thickness illustrate
relationships and significanceespectivelyUsers caralsodoubleclick on any line segment to
access relevant documents and imag&mg theverticalaxis,people can choose different types
of events, such as notes, temtsl medications.
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1 Lifelines2 [60]: Lifelines2, an extension ofLifelines, enables thesffective display, search
and queringofmul t i pl e patientsd medical records.
more likely to see both numerical and categorical data when looking at patient f@&igrds
In Lifelines2, thereforegach patient recordas acommontimeline and dist of colorbased
categorical variablefrigure2-11). Users can switctimeline viewsfrom a range operiods
to absolute calendariews to see thenumber ofevents or detailed eventsifelines2 also
comes with théAlign-RankFilter (ARF) framework which enablesisersto manipulate the
visualization of temporal event dafé2]. For example, users can align all records by a
specific event typee(g.,h e ar t attack) , doeumehtatiervoé dirgt heare c or d o

attackis aligned vertically. Other records that do dotumentheart attacks are filtered out.

Z LifeLines 2 - asthma-pneumonia.txt {de-identified real data) _ |E'|1|
Fil= About
Records 37/37 Rank by [# of Pneumonia and influenzal = :_ ARF Controls I Preferences
Align by...
¥ 1000000008 1 Mo alignment | ~
Asthm a A A A A A F S yF wovrN Rank by...
Prneumonia and infl 11 | = ) name
Viral pneumonia | @ #jtimes |F'|‘|E'um|:|n|a and influenz. .. | -~
W1000000112 Filter bv".
Asthm a Ah A M A M AAA Aaa @ rnothing
Prieumonia and infl 9 | i #ftimes
¥1000000098 & sequence
Asthm a A A A A A A
Other bacterid pne
Prneumonia and infl 9
Prneumonia due o S ry [ — -]
¥1000000122 [»] & Prneumoniadue to Staphylo~
Asthm a LA A AL A A =i
[ Pneumonia due to other spec~ | |
Preumonia and infl 7
=
W1000000030 [+ Pneumonia due ko other sp-
=
Asthm a AA A AN A LA : -
[»] Wiral pneumonia
Prieumonia and infl & I — —
¥1000000113 = o
Asthm a Al Al A A A A -~ | H( ll_ @I Copyright 2007
v [« 3 “ayirc  HCIL UMD
Ranked by [# of Pneumonia and nfluenza]

Figure2-11: User interface for Lifeling [60]. Each row shows a record, wits ID on the left.
Each record contains several types of evistesd below the IDEach type icolor codedwith a

colored triangle on themeline
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1 VIE-VISU [63]: VIE-VISU is a systenthatpresentap at i e nt dhe lag 24sarsio$

stay inICUs. Metapharcal graphics are used to illustrate thighest number gbarameters

(15 variablesn total)

for a patThesa pa@mwetess intlugeculation iblood

pressure, heart ratetc.), respiration (breathg frequency)and fluid balance (total fluid

intake and output)Throughrepetition ofa graphi@l object in 24 frames an | CU

i n

pat i

situationis presented in one display. Each glypiiglre2-12(a)) uses the same measures and

scaleso that doctors can easily compare themidadtify anabnormal situation. VIE/ISU

generallyshows 24 glyphs, one per hqiigure2-12(b)).

(a)

' Patient: 540000268 09.07.2007 18:00 - 18.07.2007 17:00 = [CIR
= [ Tl - ow e o= o= B
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; 1207 2007 40100 0w 200 0300 a0 50
Il BN BN BE =E .
L IJ - |- - L 1IJ -
0600 e an00 o300 0:30 08
I I E b . .
D /Pay | CPAP e = = - 17 - =
o REZ m A0
nahy oW v o 5w = =
= L] '—U —J ‘—L—
i) 190 2000 o 300
DEEEE R [ | chotes Poen = st ] 1o ] s0mn ] S oun]
=
(b)

Figure2-12: VIE-VISU [63]: (a) Visual encoding of medical variables in \MASU. (b) Default

VIE-VISU user interface.

A VISITORS [64]: VISulizatlon of Time-Oriented Recor® (VISITORS)is the first system

that focuses on groups of patienfsy whom intelligent temporal analysis anihfoVis

techniqued65] are combinedKigure 2-13). The systenfostersdecision making based on

high abstractionsand allows users to search raw data. The VISITORS mystgails five
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stepsin accessingpatient records: (1) specification(2) retrieval (3) visualization (4)

interactive exploration and (5) knowledgased analysisThe results ofusability testing

indicated that thesystem is useful foexploring longitudinal datahat physiciansneedto

make clinical decisiorf64]. The drawback tovISITORS is that its user interfaceeed

simplificationbecauséearning how to navigate the system usually entails a long[&8je

I VISITORS
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B | @B | & 2|8 Q) sove ] ot ] ]
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Figure2-13: The VISITORS main interface for showing patistdtug64]. (a) Lists ofpatlents
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(graph 1) data overviewof monthly distribution oplateletstatevalues(graph 2)and monthly

distribution of the values dfemoglobinstate concept (graph 3i) Medical ontology.
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A Midgaard [66]: Midgaard is a visualization system designed I@Us. It provides a time
visualization and navigation technique that connects ovesvéawl details, pan and zoom
functions andfocus and contextl features[67]. Dependingon zoom level and available
screen area, Midgaard provides dstéifigure 2-14(a)) over three visual formatgai b) a
colored background, (c) colored barsd(d) area chartser (e) augmented line charts. A time
series of blood pressure measurements, for examguidyecabstracted to periods of normal
blood pressure (green), increased blood pressure (yedlodv)critical blood pressure (red).
The systemlikewise provides three connected timelines enable users tobtain bothan
abstract data overview aadmorefinely structurel view. At thebottomof the screen appears
a fixed overview of data antheir full temporal ranggd68]. Finally, the Midgaard system
comes with avisualization method that connecpatient medical record¢o a 2D

representation of theuman bodyFigure2-14 (b)).
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Figure2-14. Midgaard [56] (a) stepsin resizing or zoomingn onthe representation of a data
stream (b) Screenshot of the implemented prototype for intensive care antelongpatient

treatment.
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A MIVA [69]: The Medical Information Visualization AssistaMIVA) provides valuable
assistance for large and diverse data analysis and decision makingsinTig$Jsystem can
show medical data from related biometric devices that are used by health care prowdders in
ICU; it also has a buiin decisionmakingprocesghat displaysabnormal data in visuakzn
form for improved response a patientevent that requires immediate attent[@A]. Figure
2-15is a MIVA screenshot, in which point plots shakanges imumerical values over
time. Thegray band in the background denotes the normal rangeasfable,to which users
can zoom and pan. The clinical and intervention notes entered byacim&ithe top of the

screen areesignated with icons above the visualization display.

Log-in Select Graph Select Patient mva New Notation Log Out

..........

" 0 |
8/14/12 12:38

Figure2-15: Screenshot of MIVA69], with thecontrol panel and data visualizatio@inical
and intervention notesreentered by clinicians d@hetop, designated with icons above the

visualization display.
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Five Ws The Five Ws systerf71] has become a popular EM8Ysem because presents

various medical historglata,including current symptoms, history of present iliness, previous
medication, previous and ongoing treatnserdtllergies, family history and otheelated
information In the system, gatient is represésad as aradial sunburst visualization that
captures all health datavhich serve as a quick overviefer an examiningohysician[59].

Thepat i ent 6 dgunchoosdhy a navigaticsd feature, to which users caoomin to
aacessadditionalanatomical detailOn the basisofp hy si ci ands mahan, c al d
the system captures all aspectsagbatients medical datan narrative form that reflects the

who, when, what, where and woyf t he p at i[®]nTo&wnmaripentiis sysierm n
provides a hierarchical radial display with an integrated body outhigure 2-16) and a

sequential diglay for diagnostic chain@igure2-17) [71].

§ Location indicator shows
= I3 y h I
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Rga,'_ :‘ec!;ldn::‘::ﬂ:mmauon(SGI ) wae
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Nodes show “what”. 3
Color shows severity, Edges show >
draw attention to relationships =
ye Exam(95.01)
these nodes. (why) incidents 1
Time: Fri Dec 2 2011
Location Eye
Severity 4
Result Abnormal

Figure2-16: Radial display with body map, along with ICD namd-ive Wssystenm[71].
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M Retinal Inflamm Valacvciovir

Wed Dec 1 2010 - Side Effect - Valacyclovir
Family Doctor

Valacyclovir may cause side effects. Tell yo
if any of these symptoms are severe6r do not go away:
+ headache

NN
N
. R

vomitin ;

- apid plasma re || X
« diarrhea or loose stools
* Constipation
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= A 1030 Nausea and vomited (Symptom) If you experience any of the following side effects,
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Code = 787 . . .

itching
confusion
vellowness of the skin or eyes
fever
blood in the urine

Wed Dec 8 2010 =
Eye Infirmary

Figure2-17: Diagnostic reasoning display using color codmghe Five Wssystem[71].
2.3.1.2Prototype PHRs

Few user interface for PHR systens have been developed becagsene PHRsare

integratednto EMRs[73] [74]. This section discusses pUreéiR systems

A WellMed Personal Health Record The WellMed systemis a webbased application
developed bythe University of Maryland in 2002 tenablepatients to enter their own
information intotheir PHRs [75]. The system is aimed ptoviding patients opportunities to
update theimedical information €.g., diagnoses, medications, laboratory tests, diagnostic
studies and immunizations).Figure 2-18 shows a sample patieid spast and current
medication information, which contanthe medicine name, datentake frequencyand
diseasesymptons. The systemalso allows patients to add medicat®or remove current

medicatiors.
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A PatientkB: Patient knowledge bagPatientKB [76], developed in 2008s a toolthat links
data from a patientds medical record twith r e
theISCO patient databasiEom whichpatient numbers and diagnosis itecas be extracted
andfrom whichpatientscansimply and easilyeview medical information. The system help
patients quicky understandtheir health conditions by providing medical sumiesr
diagnosic andtreatmentdatg appointmentdata andwveb searcHunctionality Figure 2-19
illustrates howpatientsare providedcustomized, secure and convenient access to medical

details (diagnoses) and relevant information.

& |WellMed--My Medicati Review - Mi: ft Int: t Expl provided by TOAST net =8| x
File Edit View Favorite Tool: Help
| Address [@] hitps: 2w, wellmed, com/record/medrev. asp | -=> - D™ S
wellmegd User: | Sample Patient Number One ¥ | sctings | wiretess | £t |
Home Assess Record Improve
I - lon (=53
Health Record Fies: [Medications, Herbs, Vitamins >| | SEARCH
add item emergency summary | how to I
Click on < to edit or > to delete. Click on 4% to view click on Mto view visit intormation
Current Medications Date Frequency Reason Visits
< X LTHYROXINE SO0MCG TABLET 2/25/2000 once a day Hypothyroidism

Check Interactions

Past Medications Date Fr W R Visits
< X Propylthiguracil 12/8/1999 4 times a day Graves' disease
< X Propranolol 12/8/1999 3 times a day Graves' disease
- X nterferon-alpha 7141999 3 times a week Hepatitis C infection
= X Ribavirin 7/1/1999 2 times a day Hepatitis C infection
powerad by
Copyright LPolicies | wellmegd [Medicsl Review] [Feedback]

Figure2-18. WellMed Personal Health Record screen displaying current and past medication

information[75].
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Figure2-19: Patient diagnoses page in PatientkB].
2.3.2 Commercial EMR Systems

Extensive work has been devoted to examinations sdientific stateof-the-art
commercial EMR system3he Electronic Health Recor@HR) Incentive Programf/7] noted
thatas of July 2016, 337,432 health care providexrge participatedn the meaningful use of
certified EHRtechnology(Figure 2-20). The extensive adoption of EHR technology dictaes
inquiry into existing commercial systemslowever,a number of difficultiesare encountered in
describing and comparingommercial systas [68]. Many of them requirepayment and
adherence tdegal requiremenisthereby limiting accesso medical professionals. They are
acquired from national or regional software providamnd are unavailable to thpeiblic. Findly,
screenshots are not always availal@3ven these restrictionaccess tahe cases documented in

a systeminternal evaluations dhe acquisition oftiser populatiomlata are unlikely.
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Certified Health IT Vendors and Editions Reported by Ambulatory Health Care Professionals Participating in the
Medicare EHR Incentive Program, July 2018

Il 2014 ceriified technology [l 2011 certified technology

Epic Systems Corporation
Allscripts

eClinicalWorks LLC

NextGen Healthcare

GE Healthcare

Cemer Corporation

athenahealth Inc

Greenway Health LLC

Practice Fusion

McKesson

Eyefinity/OfficeMate

MEDENT Community Computer Service Inc
Integrated Practice Solutions Inc
eMDs

Influence Healh

Compulink

SRSsoft

Sunquest Information Systems Inc
Modernizing Medicine Inc
AmazingCharts.com Inc

All other commercial vendors (n=563)
Self-developers (n=38) I 12,205

0 25,000 50,000 75,000 100,000
Number of Ambulatory Providers Reporting Vendors' Certified Technology

— 53674

I 85,544

Figure2-20: Professional EMR vendors as of July 20[&/].

Despite these limitationgjonethelessmany materiald78] [79] and websiteg80] [5]
provide general descriptionand user(e.g., professionals, nurseand administrative staff)
comments regarding commercial systerikis section presents awverview of the commercial

EMR systems available the marketind desribes several popular systems.

Figure 2-21 illustrates the overall market share of EMigstemsan 2015,asreported by
SK&A [80], which is a leading provider &S health carenformation solutions and databases.

The most popular EMR produdtsive changed minimallyver the course of a year
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OVERALL MARKET SHARE OF EMR IN 2015

M EPIC

M eClinicalWorks

M Allscripts

M NextGen Healthcare
M GE Healthcare

M Cerner

W athenahealth

B McKesson

Amazing Charts

Others

Figure2-21: Overall market share of EMIR 2015, provided by SK&A78].

@® Epic Systems Corporation
@® MEDITECH

CPSI (Computer Programs and Systems)
@ Cerner Corporation
@ McKesson
@ Healthland, Inc.
@® Siemens Medical Solutions USA
@® Healthcare Management Systems
@ Allscripts
@® NextGen Healthcare

Other

5.4%, 7.0%

Figure2-22: Hospital meaningful use market share in 2014, provideatid@MS [79].

The CMSprovided an EMR system arket share report based bospital attestations

[79] (Figure 2-22). The top 10 account for over @0of the marketand thetop three aloa
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account formore thanhalf of it. Numerous higiquality EMR systemsare available inthe

market.Themost popular commercialystems arperesented dew.

A EpicCare: EpicCare which accounts for thiargest market shargl1.6%)among the top
systems compisesmedical historydatg test results, drug guides and new and old orders.
Epic is aprivate employe®wned corporation founded in 1979aking it one of the oldest
players inthe healthcare ITsector Figure2-23) [5]. EpicCare is an application with multiple
modulesthat can beused by physicians and other health care professionals to deliver clinical
care to their patientdt is designed tocreatemost of the workflows for patient care. It
includes modulelashboards that combine and display clinical and financial metrics and have
the ability to create templatabat areeasly navigablebetween documents and no{éggure
2-24) [81]. EpicCare also provides a patient portal ane-prescrption platform,supports
telemedicine options that allow doctors to commumicaith patients via a video platform

and offers mobile and tablet functionality.

P Atrius Health - Windows Intermet Explorer

< ~ [ hup:Awkenr mbapppo L /EpicWeb /common epic_main. asp7 menu=char T eviews sub=snapshot = 3| = -

File Edit View Favortes Took Help & Comvert ~ [P Select

v SF g8 arius Health | 1

Epic @ Clinicals =

Figure2-23. User interface provided ypicCare[81].
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514279
513689
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Co-Payment Creon Cara
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Pasent Payment Check
Co-Payment Croatt Card
Patent Paymant 540 Checx

Figure2-24: EpicCare for patient recosi81].

A eClinicalWorks: eClinicalWorks has become a leader in medical dereing a10.26 share
in the market It offers appointment managementprescrption, a patient portal,the
eClinicalMobilefeature electronic health exchange and voice recognifiégure 2-25) [7].
Health and Online Wellneor Healow[82] is thes y s t matedt portal Figure2-26Figure
2-25), which allows patientsto input lifestyleandwellness data as well as health data from
mobile aps. Safetyis guaranteetby the providersstating that gatients health record and
personal profile can be securely transported and shared by the pathésthar personal
healthcare network. Software Advicghared someery positivecommentsregarding this
system[82]. In anurgent care nottor example, a user indicatélaat he uses eClinicalWorks
daily to dropclaims, processlectronic fundsmakepayments angerformoverall functions

needed for dajob duties.
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Figure2-25: eClinicalWorks progress nofé].
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Figure2-26. Healow patient portal for eClinicalWork82].
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A Allscripts: The market share of Allscripts is 8.7%.s aimed at small to midize medical
practtioners andgrovidese-prescrption, medical billing and patient schedulifighctionality
[6]. The intuitive and interactiventerface alerts physicians to potential allergies and
interactions. Pharmacies can send electronic refill requests direcHlyptovider (Figure
2-27). An importart featureof Allscriptsis theDragon Medical speech recognitisalution,
which enables a physician tomplete patient documentation without clickimgya note[83].
For example, the system automatically cautietated presriptions without the need for
clicking. The userfriendliness of the design stems from its simultanedisplay of all

relevantmedical information and lavatoryresults(Figure2-28).

B Allscripts Professional EHR
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Figure2-27. Allscripts[6] assessment and plan after recurring order
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Chapter3. System Desi gn

This chapter comprehensively explains tbehniques used in our system design and
implementation procesk begins with aroverview ofthe proposedystem, includinghe system
workflow andthe high-level architecture and proceeds to a discussion of teehnologies and
tools usedo buildthe systemThe chapter ends with a description ofshg s t wesen interface

and components
3.1 SystemOverview

In this section, wepresent thesysten® svorkflow and high-level architecture The
discussion encompasses thestem structure@ime-, source and problemoriented structurgs

attached to the system
3.1.1 Requirements for Our System

The main feature of owsystem is makingraeasier way for physicians to do their job

with the patients. Therefore, they can easily prescribe, track and update medications for
any patients. We have discussed and demongtodtiesystem designed by Yongji Jin

[98] with medical professionals, and collected some information in hospital aysiam

requirements
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3.1.2 System Workflow

The basic requirements of the temporal and spatial interfaces are similar but characterized
by different workflow constints for patients and physicialagure3-1). A typical workflow in

the proposed system is as follows

9 Visits/ Encounters ’{3

Figure3-1: Systemparadigm

1 For patients:
0 Add symptonto the PHR system armbmmunicate such to physicians

o0 Review medical events, such as diagnoses, medications and treatmetiie

historical timeline

0 Add additional information on sethedication and selfeatmentand convey this

information to physicians
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0 Add informationregarding the duration of the symptom to the PHR system

i For doctors:

0 Observe symptoms

o0 Make a diagnosis and prescribe medicatimedical imaging medical tests and/or

treatments if necessary

o Verify and record allergies

o0 Browse medical history reats.

These steps may all be executed within one visit or may gradually progress over a given

period, but the overall workflow usually proceeds in this manner

3.1.3 System Architecture

Figure 3-2 showsthe hightlevel system architecture that allows the sharing of medical
information between the two interfac&sgure3-3 represents sgem architecture in technologies

and toolsThe rules that govern the sharing of clinical data are described.below

1 A patient may always view EMR data if a physician allows it, but he/she cannot modify the
data The patient has the option to add and rhyod description of a symptom before

consulting a physician

1 A physician may always view PHR data and modify some of the data upon patient consent
A physician can view a duratidmased timeline only after a patient has entered a recovery

time for asymptom in the system
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Figure3-2: High-level architecture of the system
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Figure3-3: System architecture and technologies and tools
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3.2 Classification of Medcal Data

3.2.1 Display for Multiple Physiological Systems

We classify medical data into multiple physiological systéhad areviewableover a
clickable user interfaceéElevenof these systems amirrentlyincorporated into our prototype.
The display for tb physiological systems is color codeldereby allowingdoctorsespecially
different specialistso quickly survey and focus on certain diseases. These physiological systems
are the skeletal, muscular, immune, reproductive, cardiovascular, respiratory, digestive, nervous,
endocrine, urinary and skin systems. By looking at the human image on tha fyigfere 3-4),
doctors can rapidly determine disease tgpethe basis of theolor codes. The system also

enables the viewing of either only one physiological sysiean integrated version.

3.2.1.1Position-based Medical Information

Medical records can be divided into a series of sections, each one associated with patient
symptoms that may be perceived as a problem. This problem can bdysdahyed withina
representation of théauman body. In our system, we use a stylized human body as a neap for
structured and intuitive information layout, and we provide circular indicétwas reflect
medical information. Astated inSection 3.2.1, different colors refév different physiological
systems we use the same color cedo display a disease in tleorresponohg physiological
system. For each indicator, users can enter/view medical reatath such as diagnosis,

medication, treatment and medical imaging.
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Figure3-4: Display of integrated system and physiological systems in front and back views. The
diseases are partitioned into 11 physiological systems so that the information can be easily
accessedn the bais of diseasgroups. Left to right integrated, skeletgB5], musculaf86],
cardiovasculaf87], digestive[88], nervoud89], immune[90], respiratory[91], reproductive

[92], endocring93], urinary[94] and skin system[®5].
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3.2.1.2Non-localized Medical Information

Not all information can be localizeoh the basis gbosition butfor information that can
be organized in this manneve encodelata on &D representation of thieuman bodyin which
information items are linkedo appropriate body locations. Tdisplay problems that are
impossible to reflect on the basis obody location, our system offera wholebody

representatiorFigure3-5 (a) showsa visualization that indicateghole-bodyitching.

Figure3-5: Positionrbased medical information on a 2&presentation of theuman body.d)

Whole-body problem.
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3.2.2 Laboratory Tests

Laboratorytestng, with reference to theprocessingof blood, urineor other bodly
substancesand reporting results to physiciaasepart of medical informatiodocumentationn
any electronic medical recortaboratory datan EMRs advance thenonitoing ofap at i ent 6 s
health conditions andupportfundamental clinical decision makirj§6]. To best serveaises,
electronic laboratory datshould beflexible andappropriatelyformated To prevent users from
missing medical data when rapidly viemg large tables,the proposed system highlights

abnormal results in rethus directingattention taheseresults Figure3-6).

Trendmonitoring is also possible with a click orcertainindex. Specifically,data can be

selected fom graphical display of trends across ti(ftégure3-7) aftera physiciard selecion of

an index.
URINALYSIS CHEMICAL
UrineGlucose NEG NEG NEG NEG
UrinePillirubin NEG NEG NEG NEG
UrineKetones NEG NEG NEG NEG
UrineSpecificGravity 1.005 - 1.030 1.018 1.028 1.018
Urine Blod NEG NEG NEG NEG
Urine PH 5-8.000 7.5 75 6.5
UrineProtein NEG NEG NEG NEG
UrineUrobilinogen < 32.999 3.2 10.2 11.2
UrineNitrite NEG NEG NEG NEG
UrineLeukocytes NEG NEG _l

Figure3-6: Laboratorytestdisplayprovided by our syster\bnormalresults are highlighted in

red.
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Urine PH
o [ ]
06/02/2010 \

Urine PH: 7.5

1 L L
01/01/2010 01/02/2010 01/03/2010

@Urine PE

Figure3-7: Graphic of trend display across time. For example, urine PH is represented when

usersselecturine PH inFigure3-6.

3.2.3 Medical Imaging: Position Particular

As part of arEMR, medical imagefavealways been important compongttiat support
clinical decisiond97]. Medical imaging isusuallyprescribed for gositionbasedsymptombut
can also be requested as part oégular checkupAn image may reflect conditions related to a
particular physiological systetvut canalso support the derivation of additionaformationon
the basis of thasystem.The proposedystemthereforeprovides an extraneans of collecting
and displayingall medical imagesn one webpagé¢Figure3-8), and all of the medical imaging

are saved in database
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Figure3-8: Medical data relatednly to mealical imagesare displayed

3.3 User Interface

3.3.1 Spatial User Interface

3.3.1.1Medical Professionals

Figure 3-9 illustrates the interface for EMR viewin@omponent (A) of the interface
shows the navigation bar that enables a user to switch between the different functionalities of the
sydem Component ( B) shows a patientodés informat.
history. Component (C) displays the front and back views of the human anatomy, whose parts

are selected from 11 physiological systems (skeletal, musculgraettone itegrated system
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The dotted black circlesn the interface indicate symptoms, and the solid black circles reflect

whether a patient has engaged in-sa#fdication or selfreatment Diagnostic information is

denoted using a solid colored circle, whereirlocaoeflects a specific physiological system

Component (D) contains buttons that correspond to the physiological systems or the integrated

system Clicking on these buttons changes the human anatomy views in Component (C)

Component (E) presents a buttibrat enables doctors to add a colored circle to an anatomical

location on selected physiological human body imagee mponent

(F)

management panel for medical events (symptom, diagnosis, medication, treatmergdscal

ustr

imaging, and Component (G) is a year scroll bar with which users can view the anatomical

locations of symptoms and diagnoses for a selected year

®  ® [ gectrical Medical Record

G C _® 127.0.0.1:3000/together/together

X

login - A Home & History Record

é Laboratory Test &dl Medical Imaging

(A)

Patient

Select one patient

Adding medical events on patient body [E]

Address

Phone

Basic Medical Profile |

Allergies Nut allergy

Risk None

Create User| Confirm | (G
ﬂ (B) f Diagnosis type : Skeleton \
ICD number : KOO
. Severity:3 (P

Personal Information
Name
Gender m' Lot | W' MY‘
Birth Date Treatment | Add | Latest | Histoy |
Blood Type

Family Medical History |

.

El (N )

—

Figure3-9: EMR user interface for medical professionals

(9]

&,
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3.3.1.2Patients

The user interface for PHR viewing is shownFigure 3-10. This interface is similar to
the EMR interface, except for Components (E) and @mponent (E) of the PHR interface
presents two options for a patient: the addition of a symptom with a black dottecaouittes
entry of information on selfreatment or madation with a black circleComponent (F) shows
detailed information fora circle on a human anatomy imade the circle is created by a
physician (coloured circjea patient can see related medical information, such as diagnosis and
medication The patent can alsoadd or modify symptomrelated information, such as
descriptions, specifidates,severity and recovery time, with the option of sending these details

to a physician

® @ [ personal Health Record

< C @ localhost:3000/PHR/PHR ax ¢ 0@ :
[LOQ‘” A Home & History Record @ Laboratory Test [l Medical Imaging wohass 8] iobox 2 Patient Sara ]
[ [ Adding symptom on my body D (E] ] / \

Personal Information
N

Name G .

Gender [ ] _

Birth Date (B] Diagnosis Information y [D]

Blood Type

Address

Phone

| Basic Medical Profile

Allergies Nut allergy

Symptom Information

Risk None

| Symptom position D : 2 O
Symptom : Hard tissue on a breast is found
Family Medical History Severity:3
Last for days From: 20130820

Mother iabetes To : 20130821

Di

. i |

SN Y
p_Grand Father Cancer

N

H

jone
M_Grand Father  Hearing disorder \\ /

Father

P_Grand_Mother lone.

M_Grand_Mother

Figure3-10: PHR usernterface for patientd he interface is very similar to that for EMR,

except for (E) and (F)
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3.3.1.3Recording and Inserting Medical EventsUsing Position-based Indicators

Continuing YongjiJdind s wWeB}, &ur anatomybased methoaf displaying medical
information (drawing circles on problem location) is a probtmmented approach that affords
physicians access to more detailed clinical events related to a given probiancidhs can add
a new coloredliagnhosis circle by clickingpn the correspondingposition inthe 2D representation
of thehuman anatomyAfter the buttorthat addsnedical events oa patient bodyn the panels
clicked the circlewith a color that corresponds tocertain physiologicalystemis added. Such
events include diagnosis, medication, treatmentraedical imagingwhich are entered into the
system by physiciang{gure3-11). Clicking on a location activates a corresponding-ppox,
in which new health data can be inputted. Users can then retrieve additional details by clicking
on the popup box for each ofre circular indicatorsEven when a newecord isuploadedall
records continue to be maintained automatically and traesfér the patient interfaceThe
system provides a summattyat reflectsall of apat i ent 6s probl ems i n hut
with diseaseclassificationthat enableshealth care professionals to better understand patient
health condition The system also comes wititeractive navigatiomthatshows problemdetails
accessed by singleclick on acircle oradoubleclick that direcs a user t@anatomical viewsf a

givenphysiological system

A pat i eleingdepenvde dnlcorrect diagnoses and treatments, indicating the value
of involving patients in their own health care. Our system provides two options (adding symptom
and addng selfmedication/sefreatment data) on the panel that allows patients to enter
symptoms (includingeelings, severityduration and recovery time) and setfedicatiorself

treatment datal'he black circles ar® bemanipulated by patientshen theywant to incorporate
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symptoms and information on selfedicatiotself-treatment. These circleshowever, are
unrelated to a particular physiological system, considering the limitations in the medical

knowledge of patientdigure3-12).

Add Diagnosis

10
G8o
Severity

Symptom

Diagnosis Date

Clinical Note

()

Add Treatment

Treatment Type
Hormone Therapy

Last for days From:

To:

Clinical Note

Submit Close

Add Medication/Drug

Medication/Drug Name

Dosage

Frequency

Last for days From:

To:

Clinical Note

Submit

Close

®)

©

Add Scan Note

Upload Scan Image

Choose File | No fie chosen

Clinical Note

Submit Close
(D)

Figure3-11: Adding health records bglinking corresponding coloredrcular indicators for
diagnosis, treatment and medication (to beedby medical professionals). Colorful arrows

illustratethatsuch medical events can be addsingeach colored circle.
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Add Symptom Add Treatement/Medication

Symptom
Symptom

sharp pain

Severty

Last for days From:

20160820

20161029

To: Treatment method or medication taking

20160822, O

Add Symptom Close

CVS Cold Relief Daytime Multi-Symptom Geicaps

Add Treatment/Medication Close

(A) (8)

Figure3-12: Adding symptoms, selfnedication and selifeatment by clinkingorresponding

black circular indicators (to be done by patients).

Our systemalso provides different medical information for different usd®atiens, for
instance,can add and ediinformation onsymptons and selmedicationgelt-treatment by
clicking on aspecific blackcircular indicator Figure 3-13 (a) and (b)). For colored circular
indicators, whichare usedy healthcare professional$-{gure3-13(c)), patientscan access only
problembased diseaseandclick on medical evergto view details Figure3-13 (d)). A similar

process is displayed ftwealthcare professionals.

3.3.2 Temporal User Interface

Temporal data are timgtamped data,such as previousdiagnoses, treatments,

medicatiors, treatments, medical imagiragdprescribedaboratory testsThese caie regarded
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as evert in the medical domain. Every medical event is assigned a tim& aafpature that

brings forthanother user interfader reflectingeventson atimeline.

Diagnosis Information

Self Treatment/Medication Information
PDiagnosis type : Muscular
Severity : 3

[Symptom : sore throat, stuff nose, fever
[Severity : 3

Last for days From: Sat Oct 22 2016 00:00:00 GMT-0400 (EDT)
[To :Sat Oct 29 2016 00:00:00 GMT-0400 (EDT)

method or ication taking: CVS Cold Relief
Paytime Multi-Symptom Gelcaps

Diagnosis |  Treatment |  Medicaton| Medical maging

Al History

Add \ Send to physicians

@ l AW Y )

Latest Diagnosis O

Symptom Information
ICO_id

O position ID : 10
Symptom leg hurt Symptom : sharp pain
Severity 3 Severity : 3
Last for days From: 20160820
Clinical Note rest To : 20160822
P Adding symtpm ‘ Adding healing time

(D) (B)

Figure3-13: Displayed medical records focircular indicators (used by patients)

Figure3-14: Displayed medical records fotircular indicators (used by healthre
professionals)
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