Concept-Based Electronic Health Records:
Opportunities and Challenges

Shahram Ebadollahi®, Shih-Fu Chang', Tanveer Syeda-Mahmood*,

Anni R. Coden’, Arnon Amir*, Michael A. Tanenblatt
" IBM T.J. Watson Research Center, Hawthorne, NY
" Digital Video Multimedia Lab, Columbia University, NY
*IBM Almaden Research Center, San Jose, CA

8E-mail: ebad@us.ibm.com

ABSTRACT

Healthcare is a data-rich but information-poor domaerabytes
of multimedia medical data are being generated amoathly

basis in a typical healthcare organization in ortedocument
patients’ health status and care process. Govelnamehhealth-
related organizations are pushing for fully elesttp cross-
institution, integrated Electronic Health Records grovide a
better, cost effective and more complete accesshi® data.
However, provision of efficient access to the cantef such
records for timely and decision-enabling informatiextraction
will not be available. Such a capability is essanfor providing

efficient decision support and objective evidermelinicians. In

addition researchers, medical students, patientspayers could
also benefit from it. We present the idea of comdgsed
multimedia health records, which aims at organizing health
records at the information level. We will explohetopportunities
and possibilities that such an organization wibpde, what role
the field of multimedia content management coul@ypko

materialize this type of health record organizatiand what the
challenges will be in the quest for realizing ttea.

We believe that the field of multimedia can playeay active role
in taking healthcare information systems to thetrlexel by

facilitating the access to decision-enabling infation for

different types of users in healthcare. Our go&bishare with the
community our thoughts on where the field of muéidia content
management research should be focusing its attemidhave a
fundamental impact on the practice of medicine.

Categories and Subject Descriptors
H.3.1 Content Analysis and Indexing, H.4.2 TypesSgktems
(Decision Support), H.5.1 Multimedia Informationssgms

General Terms
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1. INTRODUCTION

1.1 National Initiatives — Need for Electronic

Health Records

The business of healthcare is experiencing a may@rhaul
regarding the role of information technology in exay clinical
practice. For the first time, the department oflthehas created
the "Office of National Coordinator of Health Infoation
Technology" (ONCHIT). There is a new mandate on fih& of
the government and health-related organizationsréate and
adopt "Electronic Health Records" (EHR), which aléoproviders
and healthcare organizations to electronicallyestord exchange
health-related information to anywhere a patiemidsecare.
Multiple reasons and requirements necessitatentioige on the
part of the government as stated by the head of INL]:

* ‘“Informed clinical practice” - Despite tremendous
amounts of data being generated and captured aitya d
basis in the healthcare organizations, cliniciansl a
other practitioners are deprived of decision-emeapli
information throughout the process of care. This
problem negatively impacts the workflow in the
healthcare center and more importantly could result
medical errors [2].

« “Interconnection of clinics” — People seeking hiaitre
due to many different factors visit several diffare
institutions in their lifetime and also change thei
primary care physicians. Because of that in theecir
model for healthcare there is a lot of duplicatiordata
acquisitions and also lost medical records. Thd gba
EHR is to overcome the single institution boundarie
and allow the medical records to follow the patient
wherever he/she seeks healthcare services. |dballg
should be single universally-accessible patienticad
record, although different pieces of it could be
physically residing in different locations.

. “Improved population studies” — When the multi-
institution electronic health record becomes abéiait
could potentially be used to monitor public health,



disease outbreaks, issues regarding national seend
control the quality of care.

1.2 The Role of Multimedia in Healthcare
Healthcare information technology, which has tiadilly been a
text-based domain, has become ever increasinglgndigmt on a
large array of multimedia data. This in major pardue to the
advancements made in technologies related to d&igrimaging
devices, which have resulted both in new kinds ofiatities of
imaging and cheaper acquisition devices. In a afphospital
terabytes of data are being generated each mdimh multimedia
data in a hospital could be classified as following
«  Text: lab reports, clinical notes, pathology reppetc.

* Image/Video: various modalities of medical imaging

each providing a different and complementary vieto i
the structure and function of patient’s organs.rapies
are: magnetic resonance, functional magnetic resma

ultrasound, computed tomography, positron emission

tomography, microscopy, pathology, etc. [3, 4]

e Other: signals such as electro-cardiogram, electro-

encephalogram, etc.
Several different information systems [5, 6] aréngeemployed
today in healthcare centers for managing the afagedical data
as mentioned above. Hospital Information SystenS)ldre used
for managing lab reports, electro-cardiograms, g@dionsults,
etc.; Radiological Information Systems (RIS) areplyed to
manage diagnosis reports generated from reviewirgglical
diagnostic images, and Picture Archiving and Conigation
System (PACS) manages medical diagnostic
protocols for storing and communicating such dataspecified

by standards such as HL7 [7] and DICOM [8]. The US

government has launched a large scale effort taterRegional
Health Information Organizations (RHIO) [9] that Iwshare
medical information across hospitals and healtle-gastitutions
allowing mining of information while addressing yacy and
rights issues.

1.3 Beyond Electronic Health Records — An

Information-Centric Paradigm

To date, medical records are fragmented into maltgfferent

systems. There are systems that aim at aggregalinggatient-

related data across RIS/HIS/PACS, which are besfeyned to as
the Electronic Medical Records (EMR). EHR, mentiarlier,

is the extension of EMR to multiple institutionsdaaims at not
only collecting patient records across disparastesys, but also
across geography and institutions. However, usérthe EHR

need to interact with the data at a file or docuntevel. That is,
although EHR helps with data aggregation it dodsnegessarily
provide the means for easier access to decisioblaga
information, which are embedded in the contentamhepiece of
data it holds. Current medical record organizatsonot designed
to be readily amenable to providing efficient ascde the

elements of the content of the data.

Every diagnostic imaging modality, every type opesment and
lab result, and every textual piece of data regidinthe EHR,

documents the attributes, characteristics and hetsawof a

number of concepts. Concepts are anatomical andusatomical

units of the body, diseases, medical conditions, Edr example,
an echocardiogram video is used to provide visofdrination

about the structure and function of the heart fidifferent view

angles [10]. The video document itself is not whaerests a
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clinician or other users, rather the attribute &ethavior of the
sub-organs of the heart, such as valves, ventricksd
myocardium that indicate the medical condition lué heart are
what the physician wants to be informed about. tBxe report of
the echocardiogram summarizes the condition ofetlso-organs
and indicates the most probable diagnosis. Orgagittie patient
medical record in a way that the clinician or atlyeo user could
access all information extracted from different rees regarding
any single concept of interest (e.g. “mitral valv&’ the heart)
could result in advantages that are not possibtbtain with the
existing paradigm.

Now that the government and the healthcare ingtitat are
pursuing EHR and the fully electronic patient retspiwe believe
a new paradigm is required to help the domain @fitheare to
better and more efficiently utilize the vast amoahtlata captured
in the medical records. In this paper, we introdtiee “concept-
based multimedia medical records”, which aims ajreggating
snippets of information extracted from multiple sms of
multimedia data for all concepts in the contexpafient’s health
status.

We believe that the field of multimedia can playeay active role
in a joint effort to take the “information poor’efd of healthcare
to the next level by facilitating the access toisiea-enabling
information to physicians, patients, researchers payers. Our
goal in this paper is to share with the communityere we
believe the field of multimedia content managem&mbuld be
focusing its attention in order to have a fundamkinipact on the
practice of medicine. We suggest the concept-basgahization
paradigm as a natural avenue for integrating meltia with
health care information of other modalities, thegréacilitating
the maximum benefits of using multimedia in heatthne.

In the rest of the paper we first elaborate onidea of concept-
based health records. Then we will discuss theiregents for
materializing it, followed by the opportunities andpabilities it
brings about along with a number of challenges trestd to be
met.

2. CONCEPT-BASED HEALTH RECORDS
ORGANIZATION

Throughout a person’s clinical history, differegpés of media
data are being captured and stored in healthcaterse Together
they provide a “medical representation” of that sper The
purpose of each piece of data in such recordsrdkgs of its
modality, is to document certain information absaome aspect of
the patient’s health status. For example, an ecmmram video
is acquired to provide information about the stwet and
function of the heart and to reveal possible pnuislevith the sub-
organs of the heart, such as the left ventriclenitral valve. In
parallel, an electrocardiogram, which documents ¢kectrical
signals stimulating the heart, is also captured ased by the
clinician to extract certain information about th@blems of the
sub-organs of the heart, such as atrial fibrillatwhich involves
the atria and is caused by irregularities in thputses generated
by the sinoatrial node. The array of captured datavides
complementary information about the patient, likee tabove
example that one can derive some information abiwatatria of
the heart from the echocardiogram and some from
electrocardiogram.

Current systems for managing medical records deti e
patients’ data at the document level. For examglagnostic

the



images such as echocardiograms are being stoee®ACS [5, 6]

system according to the DICOM [8] standard, whittitautes

certain meta-data to the document, such as pafenordering

physician, date, etc. If a clinician wants for exdento know the
prior condition of the right atrium of the patiemitheart, she first
retrieves the relevant diagnosis report of thegpatand look up
what was reported on the status of the right atrifishe wants to
see the function of the right atrium first-hand,esheeds to
retrieve the corresponding echocardiogram imageuesesg,

browse it to find an appropriate “view” of the heand then see
how the right atrium behaves. The situation becoewe more
time consuming when the clinician needs to study emmpare
side-by-side the function of the “right atrium” dhe heart
between two different echocardiograms taken aeifit times in
order to assess the efficacy of the treatment folaexample.

2.1 INFORMATION NEEDS

There are different categories of users of the oadiecords at
different levels of expertise and with differenfarmation needs
and tasks. These are physicians, researchers, ahedicents,
payers, and patients. In this sub-section our godb provide
some example scenarios of the information needséh category
and how the medical record is used today to caténdse needs,
what its deficiencies are and what needs to be ddfezently for
better information provision to different typesusfers.

2.1.1 Physicians

Bui et al [11] describe the ideal process of diamas one
consisting of the four stages of “patient assessm@onducting
diagnostic procedures”, such as ordering lab wséequisition of
diagnostic images; “initial analysis”; and “finalagnosis”. At
each point during this process physician could hdifferent
information needs to be able to better conduct dregnosis
process.

Conducting differential study is common in asseagsire efficacy

of the treatment plan or understanding the progoéss disease.
For this, the clinician wants to see the changarinorgan or a
sub-organ and its properties and characteristies tine. For

example, a cardiologist might want to see the staifl the

boundaries of the left ventricle of the patientsalt as captured
by two echocardiograms taken at different timesassess the
extension of a myocardial infarction problem. Cuothg the

cardiologist needs to retrieve the right viewsh# heart from the
two echocardiogram stored in the PACS system, & them

side-by-side to do his assessment. Ideally, shaldhze able to
query the medical records for left ventricle and ak information

pertaining to her needs and task aggregated focaheept of left
ventricle.

Cardiologists routinely need to measure certairbaties of the
cardiac sub-organs, such as the “gjection fractiohthe “left

ventricle” of the heart, which indicates the pungpitapacity of
the heart. Currently, while reviewing the echocagdams such
measurements are being made. In the ideal sityati@nsystem
should be able to automatically know how to loctte “left

ventricle” and then apply certain quantificatioga@ithms to it in
order to obtain such measurements and indicatob tprovided
to the cardiologist at the time she reviews thecas

Decision support and obtaining evidence is anofiegvice that
clinicians could benefit from. At any point durinige diagnosis
process, a clinician might have certain informatigreds. Smith
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[12] suggests that the most frequently consultedrcss of
information for clinicians in this context are ottspecialists, text
books and journal articles, in that order, followmdothers. The
most frequently consulted information source byiclans, i.e.
specialists, possess a vast amount of knowledgamadated
throughout years of practice, which is hard if imapossible to
describe and capture by an external knowledge diadeas books
or articles. However, such knowledge is reflectedhie patients’
medical records in the form of diagnosis reportsd an
interpretations of patients’ conditions. Therefoby, using the
combination of the medical records, and externates one can
potentially provide answers to the clinicians imfiation needs.
For a specialist such information needs usuallyupda the
context of rare medical cases or the ones thatiffieult to be
readily diagnosed. Smith [12] also mentions thanidklns
occasionally also look for affirmation and feedbackthe actions
they plan to take during the process of diagnosis.

Linking the information snippets embedded in theltimodal
medical records, such as the visual manifestatiomymcardial
infarction in the echocardiogram, to a part of dignosis report
providing some information about it and to a passag a
textbook or the abstract of an article reporting fditest treatment
for this ailment is almost impossible with the @mt medical
record organization system. In another scenarionoaice
clinician might need some evidence to support bission about
diagnosing a case with myocardial infarction. lis thcenario the
system should be able to know where the left veletof the heart
is in the echocardiogram and submit a query basetthe@ motion
pattern of the activity of the walls of the leftnigcle, retrieve all
cases with similar pattern of motion and providethte clinician
the summary of their associated diagnosis rep8tish a system
requires being able to access the visual manifestanf the
concept of left ventricle in the echocardiogram.

2.1.2 Students

Students under medical training frequently contdthing files,

which have examples of medical cases. The reasarofesulting

such collections of medical records is to educh&mt about the
different information related to a condition, hotetcondition

manifests itself in a diagnostic image, what asatitributes in the
lab results, or how it was diagnoses and whatrtreat plans were
considered for it. They also consult articles indioal journals

and textbooks to find out more about that inforowatit would be

very beneficial for the medical students to haveeas to a
multimedia summary of the information of interestthem that
could allow them to navigate through the informatiad~or

example, while they are studying about mitral vakgurgitation,

they can see the selected snippet of the diagnegat pointing

to that problem, while at the same time seeindlastiative view

of the heart from the echocardiogram that cleaHpws that

abnormality, where mitral valve has been labelechisT
information could also be linked to a passage texabook that
explains mitral valve regurgitation and how it abdde detected
using echocardiogram. Such kinds of automatic fekhetween
the information snippets embedded in the diffepates of data
is lacking from the current medical record orgatiora

2.1.3 Patients and Payers

These days, more patients want to be informed atimit own
medical conditions. People usually consult onlinéoimation
sources to educate themselves about etiology nesdtoptions,



Figure 1. Partial ontology with concepts linked taheir multimedia manifestations. (RV=Right Ventricle, LV=Left Ventricle,
AV= Aortic Valve, MV = Mitral Valve, PV = Pulmonary Valve, TV = Tricuspid Valve)

and the prognosis of the medical conditions theyehbeen
diagnosed with. They could benefit from gettingesscto their
own records in an illustrated and explained versgmthey can
better understand their medical conditions.

Payers, such as insurance companies, on the odner eed to
monitor the use of resources to minimize coststrobnisks, and
provide the best service level. This requires igeaifon of
diagnosis procedures, referrals and tracking afttnent results.
Using concept-based analysis of the patient's EHRould be
possible to compare the content of lab tests widir results, the
diagnosis and the suggested treatment, prevent senisof
expensive tests (e.g., MRI) when not justified égults of earlier,
less expensive or less obtrusive tests (e.g., EKG).

2.2 ANEW PARADIGM: CONCEPT-
BASED ORGANIZATION OF MEDICAL
RECORDS

There is a mismatch between the information needghe
clinicians and other users of the medical recoristhe way the
medical records are being organized. It results idecreased
utilization of the medical records, inefficiencynda lack of
decision-enabling information for users. The medioacord
organization paradigm should evolve from a docunievel
record management to an information-level appro@éh propose
the “concept-based health record”, which aims avipiing access
to the manifestations of various concepts in thetext of care
process. Figure 2 shows the framework for creasinch record
organization. As shown in the figure, documentsdieg in the
EHR are processed by appropriate analytical endihE} guided
by relevant domain knowledge. For example an AHcbe one
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that specializes in annotating and locating cardlz@mbers in a
given view of the echocardiogram video, or one tzat parse the
text of the diagnosis report and identify the pasfsthe text

explaining or providing information about a givesncept.

The function of the AEs and the concepts they ainoeating
their manifestations in the data, highly dependshendefinition
of the concepts. Also after concept identificatiame should

know the relationships between them in order t@oize them in
a coherent fashion. Hence, concept-based orgamizaif the
medical records requires the definition of conceptsl their
relationships. In other words, the structure of Wiealge
pertaining to the clinical practice and patientsalhcare should
be known. There are ontologies available in the aonof

biomedicine, which capture and represent the cdacapd their
relationships in that domain. The most notable, tinpuirpose,
and widely uses is the National Library of Medi¢néUnified

Medical Language System” (UMLS) [13], which integs a
large number of distinct source terminologies. Theacepts are
categorized in several semantic categories suclorgsinisms,
anatomical structures, biological functions, chexsc events,
physical objects, etc. The links between differauncepts
indicate important relationships, which are of tf@lowing

nature: “is a”, “physically related to”, “spatiallyelated to”,
“temporally related to”, “functionally related to”,and
“conceptually related to”. C. Rosse, J.F. Brinklapd their
colleagues in the University of Washington [14, hale argued
that UMLS lacks the required granularity, adequsgemantic
types and relationships to comprehensively repteseatomical
concepts and hence created the foundational médeladtomy as
an enhancement to UMLS. They also have arguechthatedical
problems are grounded in anatomical concept. Médiegnostic
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Figure 2. Architecture for concept-based medical reord
organization

images provide information about the anatomicaltsuwif the
body and hence the appropriateness of anatomicalepts for
representing clinical information [15].

Figure 1 illustrates an example of a part of a tampt-based
record” of a patient pertaining to her echocarcaogr
examination. This example is based on a sub-seatiothe

“Foundational Model of Anatomy” in the context bitsub-organ
right atrium. This kind of medical record organimat can also
help in visualizing information across anatomiadalution axis.
For example, one may traverse the records frontdlaese organ
level all the way to cellular level, where the cepts at each level
are properly populated by the information extracttdm

documents pertaining to the right resolution. Infation snippets
extracted from molecular imaging, which aims at ging

molecular pathways in vivo, could be extracted asdociated
with the concepts at the molecular level, whiléoater resolution
levels one would associate information snippetsaei¢d from
echocardiograms or magnetic resonance images @r otbn-

image sources to the relevant concepts. The linkagween the
concepts along the resolution axis are capturethénontology,
which allows the user or the automatic processiogeasily

traverse such structures in order to aggregate réupiired

information.

On the other hand, at any given time and any némicel

encounter, new pieces of information could be adtiedhe

patient concept-based health record. Such a heatord

resembles a growing attributed graph structure,revittee nodes
are the concept and the links between them illtestcmncept
relationships and to each node certain attributesaasociated,
which embody the different manifestations of thanhaept in
different sources of dataError! Reference source not found.
illustrates the evolution of the patient's concbpsed medical
record with time. On the left-hand side two docutseare
generated (“findings report” and an “echocardioddaamd their

elements of content are identified and organizemm@ing to the
available semantic knowledge. At a future instasicéme, a new
piece of document is captured. Certain informatgmippets
extracted from its content just provide differentsual

manifestations of the concept, whereas some newepts are
also added to the concept-based records to refiecadditional
concept manifestations.
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Figure 3. Addition of new concepts and their relaté
information snippets to the concept-based health mord

Due to different concepts of interest in differatwmains of
clinical practice, one can also imagine having defation of
ontologies, where each is used appropriately agugrtb the
clinical procedures that the patient experiencdse hdividual
ontologies could also be linked via certain comrooncepts.

We should note here that the concept-based elécttogalth
record could provide a unifying application framekveo all the
multimedia research activity that has been doneiamlirrently
under way in the various component fields. It i$ pmposing a
new way of analyzing the data, but a novel wayrghaizing the
health records, which is more intuitive and hopgfatore useful
for supporting various information needs with retpéo the
medical records.

3. MULTIMEDIA CONTENT
STRUCTURING FOR ENABLING
CONCEPT-BASED ELECTRONIC
HEALTH RECORDS

The main and foremost technology
materialization of the concept-based health rec@rdsultimedia
“content structuring”. The majority of the medickdta residing in
the electronic health records are unstructurech athier words in
a raw format. Structure, generally refers to digtsemantic units
of the content of the data. Structuring a multimedbcument
requires understanding the content and being ablassociate
tags with different elements of the content. In tioatext of the
concept-based electronic health records, contemttsting is
equivalent to identifying the multimedia manifegias of the
concepts pertaining to a given patient’s medicabres.

Content structuring has been the focus of researadtifferent
domains for a long time. For diagnostic images,cétrring is

equivalent to employing and devising appropriat@jgoter vision
techniques that can segment, localize and labetdhéent of the

required for the



images. Medical diagnostic image segmentation Hasghistory
in computer vision and still is being consideredraportant area
of research. Various approaches, some generic amde s
specialized to a particular modality of imaging @abeen
developed throughout the years. For surveys ofntbdel-based
and atlas-based methods for medical image segtitentee [16,
17]. For video data in addition to the structurawivity required
for images, one should also breakdown the vide® iit$
constituent temporal units of structure [18]. Irseastudy (1),
coming later in this section, we will provide adirbverview of
our prior work on automatic structuring of the $paemporal
content of echocardiogram videos. For textual dataech
structuring requires applying the techniques oluratlanguage
processing in order to identify the syntax and seios of the
elements of the text. Chen et al. [19] provide adyoverview of
related NLP techniques for textual content struogurCase study
(2) below, provides our recent work on structuripgthology
reports in the context of cancer care. For othgredy of
multimedia data employed in the process of carenterd
structuring approaches have also been devisedaf@ez and
colleagues [20] report their approach for identifyiand tagging
“R-peaks” in electrocardiograms.

In the following we briefly present two case stugdiehich briefly
explain some of our related work in addressing esinstructuring
for echocardiogram videos and for textual Patholegprts in the
domain of cancer care.

3.1 CASE STUDY: ECHOCARIOGRAM
VIDEO SPATIO-TEMPORAL CONTENT
STRUCTURING

Echocardiography [10] is a diagnostic imaging mitgdahat uses
ultrasound to capture the structure and functionthef heart. A
comprehensive evaluation entails imaging the hearseveral

planes (aspects) by placing the ultrasound traresdat various
locations on the patient's chest wall. The recordethge

sequence, echocardiogram video, displays the tfireensional

heart from a sequence of different two-dimensiamass sections
(views). Due to the low cost and non-invasive re&tu
echocardiograms are a popular mode of imaging #zethn the

domain of cardiology.

From the video analysis point of view, echocardiogs have
inherent spatio-temporal structure. Recoveringrtieé@ments of
structure, which are the visual manifestationshaf tardiology-

related concepts, is important in order to bettaracterize their
content by targeting feature extraction tools t@dted areas of
interest and also for linking the visual elemeritshe content to
external information such as text snippets extchdtem the

diagnosis reports.

Figure 4 below illustrates the system used for matic content
structuring of the echocardiograms. The system mposes the
echo video into its temporal units of structure,ichhare views,
modes, and cardiac cycles. It also tags the diffe@rdiac
chambers in the different views of the echocardiogvideo.

For view identification and labeling the cardiaastbers of the
echocardiogram video, in [21] we employed undiréaeaphical
models to learn the spatial arrangement of thei@achambers in
the different views of the echocardiogram. Thosedei® were
then used for automatic view recognition in a dimgrative
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framework. As a by product of view recognition weocalabeled
each cardiac chamber. Using the electrocardiogragmals
embedded in the echo video, and also using theesbéghe
region of interest we decomposed the echo videm ilst modes
and cycles [18].

The overall system was used in the context of PEREI[22],
which aimed at providing a personalized multimeslismmary of
multiple information sources for different typesusfers.
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Figure 4. System for spatio-temporal structuring of
echocardiogram videos

3.2 CASE STUDY: TEXT ANALYTICS FOR
CANCER PATHOLOGY REPORTS

Recent advances in medicine showed the link betwgeme

mutations and certain forms of cancer. For instanesearchers
found a link between gene mutations and inciderafebreast
cancer. They have also shown that prophylacticesyrdecreased
the incidence of breast and ovarian cancers [2Bps@& latest
results are based on a study following several tedglof patients
over 40 months. The effort to find an appropriathart of

patients for such a study is quite time consuméamgl one of the
applications of MedTAS (Medical Text Analysis Sys)e is to

facilitate this process. Information about patieistxollected in
different places within a medical institution, atige majority of

the information is in structured format, likely imultiple

databases. Simple examples of structured informatare

demographic information and billing information. \Wever,

detailed patient information is recorded in unsimeed text

format, both in clinical notes, written by the atiéng physicians,
and pathology reports, compiled after a biopsy argery

Pathology reports are the definitive source fomacer diagnosis,
and hence mapping the information from the unstimect format
of a pathology report into a structured and intetgal format is a
critical tool.

Towards this end, aase mode(Figure 5) and tools to populate
the model were developed for MedTAS. This modedstrio
conceptually separate the different pieces of kadgé needed to
describe the disease, evaluate procedures andateriteto other
parts of information stored within the institutiofhe case model
defines four sub-models: thtamor model the specimen modgl
the lymph node modednd thedisease modelThe core model is



the tumor model which can either refer to a primary or a

metastatic tumor. Aumor modehas many characteristics, such as

diagnosis, site, grade, invasion and size, butrlglecan be
augmented to accommodate otherssgfecimen modetontains
one or moretumor models as well as information about the
procedure used to obtain the specimen, such asrguvg biopsy,
plus surgical margins. A complete disease diagnissisased on
all the tumor modelsand, in addition, on the information about
the lymph nodes, which are objects with charadtesissuch as
the number of positive nodes. Furthermore, dimease model
contains other information, such as gross desoriptind the
staging information, critical in determining thesatment plan.

The case modekonsists of the disease model and links to the

tissue bank.

MedTAS (Medical Text Analysis System) automatic@bpulates
the cancer disease model. MedTAS is build on fdBM’s open

source Unstructured Information Management Archibec
(UIMA) which is currently available from SourceFergMedTAS

is a set of modular components (called annotatbeg)are applied
in sequence to a collection of input documents. Saihthese
annotators are institution specific, whereas othars more
general and can be applied in many different sgttirwe will

briefly describe the sequence at a high level. flilsé and quite
crucial realization is that the document structostains a wealth
of implicit information which has to be exploited torrectly
extract the desired information and resolve coresfee. For
example, the characteristics of a single tumor iaregeneral
described in several sections of a pathology reqradtalthough it
is clear to a human which sections describestiraetumor, it is

not trivial to teach a program the “obvious”. Med3Anaps the
pathology report into a virtual document format, end
labels/titles/related sections are resolved. All bsaguent
processing is based on this virtual document fori@G&tary this
mapping is institution dependent, as there is ramddrd for
writing pathology reports.

The next step, and the key to populating the cadisease model,
is named entity recognition. Since one of the wdtiengoals of this
process is to provide for subsequent informatiotrienal,
mapping the named entities into a controlled votaluis
critical. Fortunately, we can use ICD-O-3 (Inteifoaal
Classification Disease — Oncology, version 3), Wwhis a
standard, published terminology that describes hogography
and diagnosis. Other classifications that providglar coverage
could easily be substituted for ICD-O. Additionalye developed
a set of rules to create additional synonyms ferdtandard ICD-
O entries. The advantage of using rules over mangatating
synonyms is that they guarantee the correctneisecfynonyms,
as well as complete coverage. Our terminology Ilpoku
methodology allows for the addition of custom teratogies (and
it is very simple to add them). Terminology lookispvord-order
independent and discontinuous lookup based on senwasses
is enabled. We have done some preliminary work om-n
repeating head nouns and list processing on wheehwilv report
in the future.

One other crucial aspect in this domain is negatiur negation
detector is based on natural language understanidinarticular
in determining the correct noun phrases, which iesptietecting
correct sentences boundaries and part of speesh Tags is a
challenging task in pathology reports, since theg mostly
written in sentence fragments. We are in the padsadding
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higher level concepts (object, subject etc) toexty identify the
scope of the negation in conjunctive sentences.

Certain cancer characteristics require specialpeatessing for
characteristics such as grade. Grading schemder iy body
parts, and each may be expressed differently aril different
parameters. Furthermore, a pathologist interpredirtggsue slide
cannot always clearly map what they see into thified grading
schema. We are exploring linking the tissue imagebe textual
pathology reports where the area of cancerous vedisld be
highlighted, providing a link between the textualdathe image
information. This is an example of fusing multimedhformation
snippets extracted from various sources for betteswering the
information needs of the users.

Case Model
Tissue Bank ID:

Disease Model
Gross Description:
Staging:

Specimen Model
Procedure:
Margins:

Primary Tumor
Diagnosis:
Grade:
Invasion

Metastatic Tumor
Diagnosis:
Grade:
Invasion:
Level:
Size:
Origin Site:
Metastatic Site:

Lymph Node Model

Positive Nodes:

O ——

Figure 5. Case Model and its related sub-models for
representing information in pathology reports

4. OPPORTUNITIES AND CHALLENGES

The realization of the concept-based health recwghnization
and its integration in the healthcare organizatioosuld
potentially result in improvements in the proceksase, decrease
of medical errors and reduction in costs. In tleistion we like to
enumerate a number of such opportunities and paihalso to a
number of hurdles that need to be overcome befa@ecdncept-
based health records could be materialized.

Assuming that EHR becomes available some time @ rtear
future, three main issues need to be resolved déefdull fledged
concept-based medical record can be created. Bidétermining
a common and unifying architecture such as the simavn in
Figure 2.that allows for pluggable specialized wi@lengines
required for structuring the contents of the docatseesiding in
the EHR. Such architecture should support stangeddinterface
for connecting to different analytical engines deped by
different entities. Second, the concepts which featdations need
to be extracted from different sources need to éfned and
captured by an agreed upon ontology. UMLS or arlyapoed
form of it could be the start for such ontologyir@ih development
of robust analytic engines should be continued. Eertain



concepts and modalities of data that such fullp@ated analytic
engines are yet not feasible, it would be bendfithadevelop
some form of semi-automated or human-in-the-locgi\dics.

In the case that concept-based health records rasted, one
needs to investigate how the information needshef different
types of users could be mapped to the relevantoperiof such
records and how effective are such records in amsgvéhose
information needs compared to the current appreadbee also
needs to know what combination of media associatdtda given

concept could best provide the answer to a cegaémy regarding
that concept. In other words what the incrementébrimation

gain of using multiple media is. Does a certairegaty of user
with specific information need and a given task dfitnfrom

seeing an image snippet along with a text snippethe text

snippet is just enough for answering to her infdrom needs.
Such analysis is necessary in order to objectiyestify the

concept-based health record organization. Anygnaton and
use of this new paradigm for health record orgditimain the

clinical setting and its related tasks need to &@ndess to the
clinicians and other users.

In the rest of this section we give an overvievivad of our work
that illustrates some benefits of the concept-basadth record.

4.1 MULTIMEDIA-GUIDED STATISTICAL
DECISION SUPPORT

An important advancement in clinical decision supmystems
was taken by a recent work that proposed the useuitimedia

analysis for enabling statistically-guided decisisupport [24].

The key idea in our approach is as follows. Phgsigiprimarily

make judgments based on single sample evidencédpbtby the

given patient data and using their a priori knowkedf such data
sets. In a futuristic diagnostic scenario, suchguliesis can be
validated by systems that can pool together reldétd sets along
with their corresponding diagnosis. For example, gsiistem may
return a response indicating that the physiciamgnbsis agrees
with 85% of other physicians who looked at simitfata sets to
those examined by the current physicians.  Suatisstally-

guided decision support can enable physicians t&enraore

informed diagnosis by combining their judgment wititose of
several other physicians who have looked at sindidda sets. The
task of determining similarity between the curregdta set
examined by the physicians to those examined bgrqthysicians
is determined by the decision support system. iktoldal

concept-based medical records can be invaluablestmh a
similarity analysis, as they collect all relevargdital information
relating to the diagnosis under a single concept.

A multi-modal mining workbench that can seamlessijract,

analyze and correlated information from such cotibaged

medical records is now underway. Our goal in thrkwis to

provide enabling information to aid decision supploased on
deeper multi-modal analysis while still leaving tluelgment to
the end users (providers, payers, patients). Themtfocus is on
demonstrating this capability in the context of diavascular
diseases. Specifically, we are developing autamnatethods of
extraction of healthcare metadata from anonymizadiac echo
videos, EKG time series, and patient treatment riétion

available from CDA and HL7 documents for storingpiconcept-
based medical record. We are developing algorittivas search,
mine and correlate information in the metadata sépry to

1004

derive intelligent reports about trends, statisticalidations of
diagnosis, and statistics about effectivenesseatinents.

Subject makes
diagnosis X on
sample video Y

Retrieve videos
similar toY ina
K-neighborhood

Subject
changes
diagnosis

Add video Y with
label X to
collection

Yes
their diagnosis?

No Done

Show videos in K-
neighborhood to
Subject

L

Figure 6. Flow diagram of the video guided decisiosupport
system

4.1.1 EXTRACTING DISEASE-SPECIFIC

INFORMATION FROM ECHO VIDEOS

Cardiac echo videos provide information about cardi
mechanical performance which is of critical impodea in
understanding the etiology of heart diseases. Airady the
motion of the heart can serve as an excellent atidic for the
existence of various pathological conditions sush“‘@oronary
Stenosis”.  Low blood flow to a particular regiorf the
myocardium often causes reduction in the contedtiinction,
resulting in abnormal motion of the heart wall digricontraction.
Due to the quality of the video and the complegiti¢ underlying
motion captured, it is difficult for an inexperiest
physician/radiologist to describe motion abnornesditin a crisp
way, leading to errors in diagnosis. Thus autothawethods of
extraction of motion and other attributes from éacdecho videos
to reveal disease-specific differences can be imdeé to
physicians.

In this work, motion information was described gsiaverage
velocity curves previously proposed [25]. As thame implies,

they represent the average motion per frame andl#ened by
averaging the optical flow vectors between framsewi
corresponding points. Second-order motion stasistii@t model
variations in velocity and acceleration are extddrom average
velocity curves and serve as features for computindeo

similarity. Such measures included velocity disitibn ratios and
flat peak rations. Normal cardiac motion depicteredistribution

around a mean velocity. Similarly, the flat peatiarandicates the
frequency of change in the direction of motion. kad sharp

peaks indicates sluggish motion which happens viherheart's

pumping ability is affected. The features extrachemn videos

were used to develop a video similarity measurbenTusing the
ideas of collaborative filtering, a new video saenmlready
labeled with a diagnosis is projected into a feaspace derived
form the average velocity curve. A neighborhood sehilar

videos is assembled from the training set using Kheearest
neighbor algorithm. The diagnosis labels of theewsl in the
similarity neighborhood are used to pool togethpmions of

other physicians on similar data sets and are tsedlidate the
diagnosis. This procedure is illustrated in Figbire

This work represents an important application ofltimedia
techniques in information-based medicine enablihgsjzians to



make more informed diagnosis by validating theidgments
using those of several other physicians who hawked at similar
data sets. Future work will explore the use of ptimeltimedia
data such as EKG, Cardiac CT and MRI for aidingisiec
support.

4.2 COORDINATED MULTIMEDIA
SUMMARY

One category of potential users of the electroeilth records are
students and people in medical training as was ioveed in the
earlier chapters. The main information need of ¢ghaup of users
is educational. Today this kind of information i®yided to them
in the form of medical “teaching files”, which aa@ assembly of
example cases illustrating a certain abnormality igsassociated
diagnosis and treatment plans. Assuming the coruzged health
records were available today, one could imaginerabng such
information to the users by retrieving the relevarformation
associated to the medical concepts of interesthfaing,
explaining and supporting them by linking them teteenal
sources of information, such as relevant sectiohsmedical
textbooks, or passages extracted from trusted gdwamicles and
potentially other sources, and provide such aggeega
information to the users to satisfy their inforrmatineeds.

The “Coordinated Multimedia Summary" (CMS) [26] B
navigable multimedia summary with its user integfac
implemented using the “Synchronized Multimedia ¢métion
Language” (SMIL) technology [27] that allows theotwsing of a
concept space by interacting with the media snippe set of
associated heterogeneous information resources. CBIS
dynamically generated in response to a query mgdehé user.
Queries such as: “What is X?” and “What is the dasis for
X?”", where “X” stands for an abnormality, such arah valve
regurgitation. CMS spatially lays out a set of naednippets
illustrating a single concept in the browsing ifdee and
provides hyper-links to traverse the concept spgmceteracting
with the content of each of the media snippetsth&sresult of the
interaction of the user with any of media snippétough the
provided hyper-links, all media snippets updateribelves in a
coordinated fashion to reflect the information tetato the newly
selected concept.

We have created a framework (Figure 7) for assembiuch
CMS browsers for the domain of echocardiography available
resources in this case are the structured digahb@ardiogram
videos, textual summaries extracted from electréextbooks on
cardiology, and definitions of medical terms extealcfrom on-
line medical dictionaries.

The available media snippets are as the following:

e Video Snippets: These are segments of the echoovide

corresponding to a view, mode, or a cycle dependmghe
related concept. For example, if the concept ofragt is
“mitral valve”, then its related echo video snipjieta “2D
color Doppler” mode taken from the appropriate vithat
best shows the “mitral valve”. Such informationaigilable
through the expert knowledge.

e Textual Summary Snippets: Are summaries of theaurmf
chapters or sections of textbooks retrieved viaexbbok

search. Such summaries are generated using sitisti

sentence extraction and semantic relationships.[Zaefor
the details on textbook summarization.
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¢ Term Definition Snippets: Are readable definitiord
concepts of interest, extracted from consumer-tegkron-
line full text articles by combining shallow natutanguage
processing with deep grammatical analysis. See 3@pfor
more details on term definition extraction approach

Video Library Textbook Dictionary
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Coordinated Multimedig

Query — = Summary Generator ————————————=> CMS

A

User Profile

Figure 7. System for generating coordinated multimgia
summaries

Figure 8 shows the snapshot of the user interfAd8MS. The

interface of the CMS as shown in figure consistsnufltiple

panels. Each of those panels is associated with afn¢he

information resources and is responsible for dispta the

corresponding snippets. Users can interact withstimamary by
selecting the hyper-links embedded in the snippetach panel.
Note that some snippets might have multiple hypdsl

embedded in them. This is because their relatedegtrnis linked
with multiple other concepts in the concept spaBy. selecting
each of the hyper-links, user initiates a moventotlaer concept in
the concept space, which translates into the upmfatee content
of the panels with updated media snippets. The ositipn of the
CMS interface is determined by the availabilityneédia snippets
for each concept. In the implementation of the CMSer

interface, SMIL templates are being used. We haeedpsigned
certain number of templates that can cover the guabdrial set
of media snippets that are possible for any givencept. For a
selected concept, through interaction with the hip&s in any

of the panels, each resource is interrogated tbdit if a media
snippet is available in that resource that is tlaaifestation of the
selected concept. Based on those responses thepappe pre
designed SMIL template is chosen and its panelsfiked-out

with the appropriate media snippets. Therefore, CMSa

dynamically generated multimedia summary, whicteath step
updates itself based on the user's information asaddicated by
the selected concepts.

Such multi-source summarization and augmentation thef

documents in the medical records, such as echacgedn videos,
with external sources of information such as teaksp journal
articles, dictionaries or others is only possiliieotigh concept-
based access to the content of the medical recamdsthose
external sources of data.



Echo Video
Summary Diagnosis
Repor
[Echo video is summarized eport
by its salient frames.]
[Descriptive summaries N
are generated from [Definitions extracted
medical textbooks.] from medical dictionaries.
Textbook Term
Summary Definitions

Figure 8. Interface of CMS which shows the use of uftiple
panels for visualizing the different forms of the nanifestation
of a concept

5. CONCLUSIONS

We have presented the idea of organizing healtbrdscaround
concepts, and shared our thoughts on what suchepthased
representation involves and how could it be mdieed. We also
presented our opinion on where the filed of multdmecontent
management should be focusing in order to makappan, and
why and how the practice of medicine can bensdditifisuch kind
of health-record organization and representatiomerd are, of
course, challenges that need to be met before amenaterialize
the concept-based health records. However, we Veelieat the
field of multimedia can play a very active role anjoint effort
with practitioners to take field of healthcare e thext level by
facilitating the access to decision-enabling infation to
physicians, patients, researchers and payers.
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