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ABSTRACT
In healthcare settings, patients need access to online infor-
mation that can help them understand their medical situ-
ation. Physicians need information that is clinically rele-
vant to an individual patient. In this paper, we present our
progress on developing a system, PERSIVAL, that is de-
signed to provide personalized access to a distributed patient
care digital library. Using the secure, online patient records
at New York Presbyterian Hospital as a user model, PERSI-
VAL's components tailor search, presentation and summa-
rization of online multimedia information to both patients
and healthcare providers.
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1. INTRODUCTION
In healthcare settings, both consumers and their providers

need quick and easy access to a wide range of online re-
sources. Patients and their family members need informa-
tion that can educate them about their personal situations,
while physicians need information that is clinically relevant
to an individual patient. But unless online search and pre-
sentation of results is personalized to the individual patient,
end users can be overloaded with far more information than
is useful. Providing patient-specific information can have
'enormous benefits. When the latest medical information
is provided at the point of patient care, it can help prac-
ticing clinicians and physicians in training to avoid missed
diagnoses, choose only effective interventions and diagnos-
tic tests, and minimize impending complications. The lat-
est medical information, when expressed in understandable
terms, can empower patients to take charge of their health,
take appropriate preventive measures and make more in-
formed choices regarding their treatment.

In this paper, we report on the ongoing development of
PERSIVAL (PErsonalized Retrieval and Summarization of
Image, Video And Language), a system designed to provide
personalized access to a distributed digital library of med-
ical literature and consumer health information. Our goal
for PERSIVAL is to tailor search, presentation, and summa-
rization of online multimedia information to the end user,
whether patient or healthcare provider. PERSIVAL utilizes
the online patient records at New York Presbyterian Hospi-
tal [7] as a sophisticated, pre-existing user model that can
aid in predicting user interests. For the healthcare provider,
our approach facilitates finding literature relevant to the spe-
cific patient under her care; for the healthcare consumer, our
approach facilitates finding and understanding information
relevant to his medical situation.

In the remainder of this paper, we first present the sys-
tem's architecture and then discuss the components that
we are developing. These include a user query component,
which allows inference of meaningful questions given the
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Figure 1: PERSIVAL's system architecture

clinical context, providing relevant information from the con-
text for search; search over heterogeneous, distributed
sources, re-ranking results by matching against the patient
record; presentation of results to highlight information that
is relevant to the patient, including summarization of tex-
tual and video resources along with definitions of unfamil-
iar terms; and interaction with the results through a highly
interactive, multimodal, web-based thin-client architecture.
Finally, we have begun preliminary experiments with end
users that can provide specific information on how to per-
sonalize search and summarization.

2. SYSTEM ARCHITECTURE
The online clinical information infrastructure at New York

Presbyterian Hospital prOvides many applications for view-
ing patient data. One of these, WebCIS [16], allows physi-
cians to view patient records and another, PatCIS [3], al-
lows patients to view information from their record. Pa-
tients may have questions about the meaning of different
concepts (e.g., "What is unstable angina?") while physicians
may have questions about possible treatments and diagnoses
(e.g., "What are the risk factors for unstable angina?").
Thus, one way for users to access PERSIVAL is from within
one of the above clinical applications, which trigger PER-
SIVAL to extract content from the patient record. Patients
and physicians may also access PERSIVAL when questions
arise at other times. For example, a physician, resident or
medical student may have a question about a patient during
the course of normal tasks (e.g., during rounds), in which
case she must first provide the patient's identifying informa-
tion and go through a secure clinical interface before access-
ing PERSIVAL, thus again giving the system the opportu-
nity to associate a question with patient data.

332

The system architecture for PERSIVAL is shown in Fig-
ure 1. On the basis of data extracted from the patient
record, PERSIVAL will generate questions that are mean-
ingful in the clinical context and determine which concepts
from the patient record are relevant for the search. The
query, augmented with concepts from the patient record,
is passed to the search component, triggering both textual
and multimedia search. Textual search requires determin-
ing which of various distributed resources (some of which
may only be accessible through a remote, online interface)
may contain relevant documents. The results of this ini-
tial search are then fed through a component which more
closely examines the retrieved documents by extracting and
matching terms from the patient record, and by re-ranking
the documents which are more relevant to this patient's
case. Multimedia search may initially be triggered by a
concept from the patient's record (e.g., "valve regurgita-
tion") which matches diagnostic videos (e.g., echocardio-
grams), but PERSIVAL also allows follow-up search using
image features representing important diagnostic informa-
tion. The results of the search are passed on to a sum-
marization component. For text documents, different ap-
proaches are used depending on whether the end user is a
clinician or a patient. For the clinician, an informative sum-
mary indicates which results in the retrieved journal articles
are relevant to the patient, while for the patient, a mixture
of informative and indicative information is used to allow
the patient to browse retrieved consumer health informa-
tion. For video documents, PERSIVAL segments the video
and creates a storyboard summary. A layout component
will arrange and present the results to the user using a thin
client server which allows for the intensive computation to
be done at the server, incrementally passing results to the
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client as they become available. After results are presented,
the user ultimately will have the option of refining his query
or issuing a new search, though we do not report on this
here. We are currently developing an XML interface to con-
nect the components, which at this point in time have been
developed separately.

For most of the above mentioned modules, we have iden-
tified major challenges, developed initial solutions to some
of these challenges, and performed preliminary evaluations.
We report in detail our approach to each of these subprob-
lems and the status of current implementation in the sec-
tions that follow. Some of the modules, such as the layout
planning module and the manager of interactions and feed-
back between modules are in an early prototype or design
stage, and for those we report on our planned approach.

One contribution of our work is a remote application exe-
cution infrastructure that we call Remote JAVA Foundation
Classes. Our infrastructure is built upon standard JAVA
technologies (Java Foundation Classes (JFC) and Remote
Method Invocation (RMI)) and supports the delivery of a
highly interactive user interface over a low-bandwidth net-
work connection. We take a hybrid approach between fat
and thin clients that provides the benefits of a thin-client
approach (e.g., low-cost terminals and centralized manage-
ment and security), while offering functionality typically
only found in fat clients (e.g., asynchronous server events
and multimodal interaction). This is accomplished by de-
livering a user-interface-toolkitaware client via HTTP to
the web browser, which uses the RMI registry to obtain a
remote reference to the application server. Once the client
is registered, the server uses RMI to transmit JFC user in-
terface toolkit commands to, and receive events from, the
client. By manipulating user interface toolkit components
and handling events remotely, our infrastructure provides
functionality typically found in remote framebuffer systems
(e.g., Tridia VNC [30], Symantec PCAnywhere (http://inn7.

symantec.com), and Citrix Metaframe (http://www.citrix.

com)), while consuming a fraction of the bandwidth.

3. ASKING QUESTIONS
Our approach features the ability to ask questions in con-

text, where the context is drawn from the patient record.
The patient record, however, is quite large, often consisting
of hundreds of individual text, graph or video documents.
It is critical that we extract information that represents in-
formation that the patient or physician is interested in and
that is relevant to the query and the current clinical situa-
tion. Our approach will both allow the user to pose queries
and will also automatically generate queries based on data
that the end user is currently viewing, if the user indicates
the need for information. The user also will ultimately have
the option of entering a full question using a speech inter-
face. In that case, we will use evidence-based medicine tech-
niques [31] to determine which information from the record
is relevant.

Previous work has examined technological solutions for
linking medical records to online information resources. The
Med Line Button [6] was the first system to use clinical data
as input to real-time searches against a bibliographic data-
base. In that system, patients' diagnoses and procedures
were translated into Medical Subject Headings (MeSH)
terms, assembled into search statements, and passed on to
the Med Line search engine. That work has continued, in the
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form of infobuttons [4] that use a variety of clinical data and
a variety of information resources to attempt to address the
information needs of clinical information system users. A
key part of providing automated searches is an understand-
ing of the information needs that are most likely to arise
in a given context. The Med Line Button generated ques-
tions that were drawn from a set of generic queries [5] which
were, in turn, created from a database of actual questions
posed to medical librarians. The questions were analyzed
to determine recurring semantic patterns of concepts, such
that specific concepts could be replaced by general seman-
tic types. For example, "Do chest x-rays cause cancer?"
becomes "Does <procedure> cause <disease>?" When a
person reviewing a medical record selects, for example, a
procedure and disease of interest, the system can then se-
lect the generic query that has such semantic types, and
then instantiate it with the specific terms of interest. This
prior work established a direct link between the data that
the user was examining in the clinical application and po-
tential questions that could be posed.

Our work on PERSIVAL makes significant enhancements
in several areas: leveraging what is known about the individ-
ual patient whose record the clinician is reviewing; match-
ing to an improved model of user information needs; and
enabling the user to refine the query. The patient record
contains a wealth of information that can be used to sug-
gest and refine user information needs. For example, simply
knowing the age or sex of the patient may help in focusing
on pediatric or gynecologic searches. We are currently devel-
oping a set of rules founded on principles of evidence-based
medicine is used to extract relevant facts from the patient
record. These patient data are then matched against a new
knowledge base of generic queries, which are based on ques-
tions asked by clinicians regarding patient care [11]. An
enhanced interface enables the user to indicate the focus of
the search, select an appropriate query, and refine the query
as needed, by replacing or adding terms. A prototype of this
enhanced interface and the component for matching patient
data has been developed, while we are currently working on
evidence-based medicine rules. A prototype link between
the New York Presbyterian Hospital's clinical information
system (WebCIS) is being created, specifically for a set of
cardiology patients whose records have been sanitized. If
the user is looking at a cardiology procedure, such as the
12-Lead Electrocardiogram, (which includes a description
of abnormalities, such as lateral ischemia, unstable angina
or left ventricular hypertrophy) and clicks on a link to PER-
SIVAL, the system extracts all of the findings from the re-
port and displays them, in tabular fashion, to the user. The
user can then select any number of these concepts for sub-
mission to PERSIVAL. For example, the user may select
lateral ischernia and unstable angina. PERSIVAL also ex-
amines the patient's records for concepts relevant to lateral
ischemia and if it finds, for example, that the patient is
on the medication aminophylline, it will generate questions
such as "What is unstable angina?", "What are the risk fac-
tors for lateral ischemia?", and "Can aminophylline cause
unstable angina?". If the user selects the last of these ques-
tions, the system returns and issues the search query

User Question Analysis Summary
Type: pharmacologic-agent causes pathologic-finding
Clinical concepts: aminophylline, unstable angina
Search: Maminophylline[mh]+0R+albuterol[te])+An+



(unstable angina[mh]+0R+unstable angina[te]))
+1111D+(adverse+[tv]+AND+effect[tid))

When the user is examining a narrative report in the pa-
tient's record, information is extracted using a natural lan-
guage information extraction system called MedLEE [12]
that was initially developed for the domain of radiographic
reports, and was subsequently extended to other domains.
Primary fmdings are extracted as well as modifier relations.
Modifier relations, such as negation, time, and uncertainty
are frequently expressed in the reports, and are critical to
obtain because they change the underlying meaning of the
information. MedLEE contains several processing compo-
nents: i) the preprocessor uses a lexicon containing semantic
categories and target forms to segment the report into sec-
tions, sentences, words, and atomic phrases; ii) the parser
structures the sentences by using a semantics-based phrase
structure grammar to specify well-formed structures and
their target forms; iii) a phrase regularization component
composes phrases when appropriate; and iv) an encoding
component maps the target terms to codes associated with
a standard vocabulary. MedLEE was independently evalu-
ated a number of times, and was shown to perform effectively
for realistic clinical applications; in fact, it was not signif-
icantly different from medical experts in detecting specific
conditions [17].

For PERSIVAL, MedLEE was extended to handle electro-
cardiogram and echocardiogram reports; we plan on further
extensions in the cardiology domain. The extensions con-
sisted of adding new entries to the lexicon, and of adjusting
certain grammar rules. The encoding portion of MedLEE
was also fine-timed in order to generate output encoded
into UMLS (Unified Medical Language System [18]) codes.
These codes are critical because they form the basis for in-
teroperability of two heterogeneous Natural Language Pro-
cessing systems in this project: the patient record extraction
system and the reranking of search results based on patient
matching (Section 4.2). Following extraction of concepts by
MedLEE, evidence-based rules are used to determine which
of the many concepts are most important.

4. SEARCH
After a patient's or physician's query has been augmented

with important information from the patient record, the
augmented query is processed by a multimedia search com-
ponent. PERSIVAL provides search tools over distributed
collections of both text and echocardiogram video. For tex-
tual documents, search occurs in two stages. In the first
stage, the system searches over multiple distributed text col-
lections using a uniform metasearcher. In the second stage,
results from the first are reranked by examining character-
istics of patients studied in the article and matching those
characteristics against concepts found in the patient record.
For videos, the system searches relevant video segments from
large collections by using automatically extracted annota-
tion labels as well as clinically important multimedia fea-
tures.

4.1 Searching and Browsing over Distributed
Text Collections

Distributed resources available on the Internet do not
present uniform searching capabilities, which complicates
query processing. Furthermore, these resources differ widely

in their topic and along every conceivable dimension. As a
central component of PERSIVAL, we are deploying infras-
tructure for searching over distributed collections. Also, we
have developed techniques for automatically classifying doc-
ument collections into a topic categorization scheme that
users can then browse to find the collections of interest.

PERSIVAL's query interface will offer the illusion of a sin-
gle collection; the metasearcher is the component that en-
ables a virtual integrated view of heterogeneous sources. To
build our metasearcher we are merging two complementary
existing search protocols that have been developed within
digital library projects in the United States, namely SDLIP
and STARTS, into a combined protocol, which we refer to
as SDARTS [14].

SDLIP (Simple Digital Library Interoperability Protocol)
[27], jointly developed by Stanford University, the Univer-
sity of California at Berkeley and at Santa Barbara, the San
Diego Supercomputer Center, the California Digital Library,
and others, defines a layered, uniform interface to search
over each collection. SDLIP is a flexible, extensible proto-
col, and can "host" different query languages and metadata
specifications for the sources to export. In particular, the
requirements for the metadata interface are minimal, but
extensions are allowed and encouraged. As a result, a per-
fect complement for SDLIP is STARTS (Stanford Protocol
Proposal for Internet Retrieval and Search) [13]. STARTS is
a high-level protocol that defines, among other things, the
specific metadata that sources should export to facilitate
metasearching.

SDLIP and STARTS complement each other naturally. At
Columbia University, we have combined them into a proto-
col named SDARTS, which extends SDLIP by instantiating
its query language and by defining a rich metadata interface
according to what STARTS dictates. The result is a sim-
ple, expressive protocol that facilitates the construction of
metasearchers [14]. In addition, we have developed a soft-
ware toolkit to simplify the indexing of "local" document
collections so that they are SDARTS compliant, as well as
to simplify the construction of "wrappers" around external
collections over which we do not have any control. SDARTS
and its associated software toolkit provide the necessary in-
frastructure to incorporate collections into our project with
minimal effort.

Metasearchers let users query over distributed collections.
An alternative mode of interaction is for users to browse
Yahoo!-like directories to locate collections of interest and
then submit queries to these databases. Recently, com-
mercial web sites have started to manually organize web-
accessible text collections into hierarchical classification
schemes (e.g., see Invisible Web at http://oov.invisibleweb.
cora). Automating this classification is challenging, since
many times the contents of searchable collections on the
web are not available other than by querying. For example,
consider the Pub Med medical database from the National
Library of Medicine, which stores medical bibliographic in-
formation and links to full-text journals accessible through
the web. This database is accessible through a query inter-
face at http://ww.ncbi.nlm.nih.gov/PabNed/. If we query
Pub Med for documents with keyword angina, Pub Med re-
turns 36,150 matches, corresponding to high-quality cita-
tions to medical articles. The abstracts and citations are
stored locally at the Pub Med site and are not distributed
over the web. Unfortunately, the high-quality contents of
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Pub Med are not "crawlable" by traditional search engines.
A query on Alta Vista for all the pages in the Pub Med site
with keyword "angina" (i.e., angina host : Iwo . ncb i . nlm. nih .
gov) returns only three matches. This example illustrates
that often we cannot classify a valuable text collection by
extracting and analyzing all the documents that it contains.

To automate the classification of searchable collections
like PubMed, we have developed a novel technique that
learns a small number of query probes to issue off-line to
the collections [19]. We start with a comprehensive, pre-
defmed topic hierarchy with an associated training set of
preclassified documents. We then characterize these docu-
ments by selecting the best features (i.e., words) using an
information theoretic feature selection algorithm that elim-
inates the words that have the least impact on the class
distribution of documents [21]. This step eliminates the fea-
tures that either do not have enough discriminating power
(i.e., words that are not strongly associated with one specific
category) or features that are redundant given the presence
of another feature. After this feature selection step, we train
a rule-based document classifier [8] to produce rules like the
following:

IF ibm AND computer THEN Computers
IF diabetes THEN Health
IF cancer AND lung THEN Health

For example, a document having the word "diabetes" will
be classified into category "Health" according to this clas-
sifier. The next step is to transform each of these rules
into query probes, and to adaptively issue the queries to
the collections that we want to classify, extracting only the
number of matches for each query. The number of docu-
ments that match a specific query at a database (e.g., "can-
cer AND lung") represents the number of documents that
would match the corresponding classifier rule if we could
run it over every document in the collection. Finally, our
method classifies the collections using simply the number of
query matches, without retrieving any documents from the
collections. As a result, our strategy efficiently produces
an accurate collection classification using a small number
of query probes (typically fewer than 200 queries of a few
words each are needed to classify a collection). Users can
then browse the hierarchy of categories to identify the col-
lections that match their information need.

4.2 Reranking Search Results
The query and search modules of our system allow the

user to specify and adapt questions according to the clinical
context and retrieve a wide variety of relevant documents
from multiple sources. However, these modules are primarily
query-oriented; while some patient information is used to
direct the search, the primary focus of these modules is to
include documents in the results that match the entered
query.

Yet many of the documents that are generally relevant to
a query about "unstable angina" may not be of high prior-
ity to a specific patient. For example, an article describing
complications in patients who have both angina and diabetes
should be ranked lower when the patient is not diabetic. On
the other hand, given the sample patient record and article
sentences shown in Figure 2, we can assume that the given
article is very likely to be relevant to the patient.
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Patient Record:
This is a 44 year old female past medical history of coro-
nary artery disease, status post myocardial infarction in
1983, status post CABG in 1989 [...] The patient was ad-
mitted to New York Presbyterian Hospital on 12/3/99 [sic]
a worsening CHF and unstable angina for evaluation for
heart transplant.

Medical Article:
This was a multicenter prospective study of consecutive
patients admitted to coronary care units with unstable
angina. Baseline characteristics were age 60.18 ± 16 years,
history of prior myocardial infarction in 336 patients
(32%) [...] In-hospital treatment consisted of [... ], angio-
plasty, or coronary artery bypass grafting (CABG) in
25.1% ...

Figure 2: Term Matches between Patient Record
and Medical Article

PERSIVAL takes advantage of the patient record infor-
mation to filter out documents that match the query well
but the patient record poorly by reranking the results of the
search according to how well they match with key elements
of the patient record. To determine the degree of this match,
more computationally expensive, natural language process-
ing techniques are applied to the small portion of the entire
set of the documents that match the query in the first place.

We base our comparison between patient records and med-
ical journal articles on a common representation of both as
lists of important technical terms, with associated values
when they occur. Terms, that is words and phrases that
capture technical content and have a fixed meaning within
a specific domain, contain a large part of the information
present in an article or patient record; demographics, dis-
eases, treatment procedures, and drugs are all likely to be
represented in the text via terms. In some cases, the term
is associated with a value (e.g., "base heart rate over 90",
where base heart rate is the technical term and over 90 is
the value). Representing both the patient record and the
documents as vectors of term-value pairs provides a basis
for converting document information into a form that can
be used for quantitative comparisons. In particular, we rep-
resent terms as UMLS unique identifiers which capture the
semantic concepts conveyed by the terms.

Patient records are analyzed by MedLEE as described in
section 3; scientific articles, which employ more general lan-
guage and less structure than patient records, are analyzed
by the procedure described here. To find terms within sci-
entific articles, we use a variety of surface indicators for each
candidate term:

Its relative frequency in medical and general text; terms
are expected to be far more frequent in medical texts.
Its distributional characteristics across different docu-
ments; terms usually bunch together more than ordinary
words [1].

Measures of cohesion between adjacent words help iden-
tify multiword terms; the component words of multiword
terms and collocations occur together much more fre-
quently than would be expected from their individual
marginal frequencies [2].



Syntax places constraints on terms; usually, terms consist
of nouns, possibly premodified by adjectives and postmod-
ified by a single prepositional phrase.

To collect this information from the text, we process it
with tokenization and part of speech tools, as well as with a
finite state grammar that enforces syntactic constraints on
terms, expands invisible term connections from conjunctions
(e.g., "unstable and stable angina pectoris" is a variant of
"unstable angina pectoris") and associates terms with val-
ues by capturing attributive and predicative modifications
between terms and numeric or adjective phrases (e.g., "acute
myocardial infarction, severe unstable angina, systolic blood
pressure of 113.6"). The numeric information from our sta-
tistical criteria (the first three indicators of terms above)
is combined in a log-linear model [25], a supervised learn-
ing technique. By training on a list of established terms
(the large scale vocabulary test (LSVT, [24]) we obtain the
weights for the variables, producing a measure of how likely
a word or phrase is to be a term.

After terms are identified, another algorithm performs the
actual matching, measuring the overall importance of a term
within both patient record and article. Two factors come
into play: the relative specificity of a term and its semantic
category, since more specific terms and terms that refer to
diseases, treatments, and drugs are more likely to influence
the matching. We use the semantic hierarchy in the UMLS
to retrieve the semantic category, and, along with term fre-
quency, to measure term specificity [28].

Once terms, values, and semantic categories have been ob-
tained from both the patient record and the document, we
calculate their degree of matching as the cosine product of
these two vectors, with each term weighed according to the
importance value assigned to it. In the example of Figure 2,
"unstable angina" and "myocardial infarction" provide a
large part of the matching score, since as a matched symp-
tom and a matched disease, respectively, they contribute
more than a matched theurapeutic procedure like "CABG".
When values are present, a further matching step is exe-
cuted, which alters the sign and magnitude of the match
at that term according to how well the values match. Cur-
rently, we detect incompatibilities between values and par-
tial matches between quantitative ranges of values.

The term recognition and matching modules are also used
to provide anchor points for the two text summarization
modules described below, and "topics" of summaries for
the video module, in order for that module to assign labels
to and access textbook examples and actual patient ECG
videos.

4.3 Search and Organization of
Echocardiogram Video

PERSIVAL also provides efficient tools for automatic in-
dexing of echocardiogram videos and searching over large
echochardiogram video collections. Echocardiography is an
important imaging technique, which assists the cardiologist
in the diagnosis of heart abnormalities. Because this method
is non-invasive and cheap it is usually available in almost
every major healthcare center. For example, at New York
Presbyterian hospital there are thousands of echo videos
taken and archived each year. However, very few tools and
computer facilities are available for indexing and accessing
such large video collections. Most echo videos are still stored
on analog tapes with limited annotations.
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In PERSIVAL, we envision that users will be able to ac-
cess, search, and interact with digital echo videos efficiently
and effectively. Video data will be integrated with other
modalities of information and presented to the right users
in the right context. For example, doctors, clinicians or
medical students may retrieve echo videos of related cases
with certain abnormalities from the library in order to com-
pare with prior findings. Such facilities will be very useful
in diagnosis, surgical planning, or teaching processes.

Echo video presents unique research challenges and op-
portunities for video indexing and summarization. Unlike
other types of video addressed by existing work, echo video
does not include speech, audio, or transcript information
that can be used to index the video content. Information
is predominantly contained in visual form. On the other
hand, there are usually predictable structures in the pro-
duction of echo videos. Sonographers usually follow a rec-
ommended sequence of transducer positions for capturing
the two-dimensional echocardiograms. In addition, there is
associated information from other modalities, such as ECG
and diagnosis reports, which can be used in analyzing the
video content or providing useful annotations.

To achieve these goals, our current research involves the
following objectives and approaches:

Index video at the syntactic and semantic levels. Work-
ing with the domain specialists, we identified the syntactic
structures and semantics of echo video. In particular, we
developed a view transition model to represent rules used
in the echo video scanning procedure. Characterized by the
unique position and angle of the transducer, each view cap-
tures information about specific anatomical structures of the
heart from a specific orientation. One of our objectives is to
develop automated algorithms and tools for segmenting and
recognizing constituent views in the video. To do this, we
analyze unique spatio-temporal visual patterns of anatomic
parts and apply a domain-specific view transition model.
Results of the automatic tools that we have developed will
allow users to randomly access views of interest, interac-
tively browse constituent views at an intuitive level, and
selectively transmit important views over networks.

Annotate and organize large collections of video. The
video segments and summaries described above can be anno-
tated by labels from view recognition and information con-
tained in the diagnosis reports associated with each video.
For example, descriptions of abnormalities related to cer-
tain parts (e.g., valves and muscles) can be linked to views
in which such abnormalities are most visible. In addition,
we are developing a taxonomy for classifying and organizing
large collections of representative cases that can be used for
research and teaching purposes.

Develop intuitive content-based video search tools. A query
to the echo video library may be based on concepts in textual
form or multimedia form. For example, terms describing
specific abnormalities can be first used to retrieve specific
segments of videos and their associated diagnostic findings.
After seeing the returned videos (entirely or in a summary
form), users may use graphic tools to select regions in the
video and ask the system to find other videos showing simi-
lar visual patterns that are related to important clinical con-
cepts (e.g., speed and volume of blood flows shown in the
video). By combining such search tools using visual features
with clinically meaningful categorization, users will be able
to find more efficiently specific videos in large collections.
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Currently, we have achieved promising results in view seg-
mentation, recognition, and key frame extraction by using
automatic image analysis algorithms and view transition
models [9]. We are in the process of constructing a video
library containing several hundreds of cases with important
abnormalities, and evaluating our current tools.

5. PRESENTATION
PERSIVAL must formulate a concise and effective presen-

tation that enables the user to understand the main points
of the retrieved documents without having to examine them
directly. It must also maintain links to the documents from
the summary, allowing users to easily select the documents
they judge most relevant. Our approach involves summa-
rization of both text and video, including the ability to pro-
vide definitions for unknown terms. A layout component
will integrate and cross-link search results, ultimately pre-
senting summaries along with original documents for easy
viewing and manipulation. Since PERSIVAL will be made
available to end users on a variety of platforms, including
low-end PCs, it is important that processing is efficient. We
use a thin client server for this purpose.

5.1 Textual Summarization
A textual summary is generated to describe important in-

formation across the set of textual documents returned in a
search. The method used to generate this multi-document
summary depends in part on the document genre. Clinicians
are more likely to be interested in seeing medical journal ar-
ticles or textbooks that are relevant to the patient's case
while patients will be more interested in consumer health
information. These genres are quite different in how they
are structured and thus, we use different techniques to pro-
duce a summary in each case. Furthermore, patients and
clinicians are likely to be interested in different kinds of
information, also requiring different processing. For both
types of summaries, our approach involves a unique integra-
tion of statistical processing to select relevant phrases with
symbolic processing to edit and weave phrases together to
form the summary.

Summaries for Clinicians. Medical journal articles, of
interest to clinicians, are written in a relatively rigid form,
with sections (e.g., results) coming in a more or less pre-
determined order. Information extraction techniques [32]
can take advantage of this structure to locate particular
pieces of information. Experimental research articles typ-
ically present the outcome of a clinical study for several
groups of patients (at least one test group and one con-
trol group). In a user study on summarization [26], we
found that physicians can determine relevance of an arti-
cle by quickly skimming the results and recommendations
pertaining to the patient under their care. Thus, this is the
information that should be included in a summary.

Our summarization module for clinicials [10] extracts this
patient-specific information from a medical article. Struc-
ture is exploited to fmd the "results" section, then text cat-
egorization techniques are used to separate out sentences
within the section that actually describe results. PERSI-
VAL has been trained to fmd words and phrases that are
good indicators of results (e.g., "predictor"). This stage se-
lects on average one third of the Results section, which is
in turn only a portion of the full article. In the final stage
of this component, we use pattern matching techniques to
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In a univariate analysis, NYHA class, pulmonary artery sys-
tolic, and atrial fib were associated with a decreased event
free survival ([ajc]). But only NYHA class was considered
as associated in a multivariate analysis ([ajc]). Prior angina
was considered in both univariate and multivariate analysis
a predictor of in-hospital morbidity ([1]). Atrial fib was not
significant in multivariate analysis ([5]). The occurrence of
angina after admission showed a strong univariate relation
with the incidence of in-hospital acute MI or death ([5]).

Figure 3: Extracted summary phrases from results
reported in journal articles

find particular types of results (e.g., "Multivariate analysis
showed ... ") and select only those portions of the sentence
that match the patient. The phrases which match informa-
tion that is currently extracted for the query "What are the
risk factors for unstable angina?" are shown in Figure 3; for
example, the first sentence in that summary matches a pa-
tient who has atrial fibrillation. We are currently working
on generating these target phrases from the extracted infor-
mation. Following each sentence is a pointer to the article
in which it was found. Ultimately, this information will be
used by the layout component to directly link pieces of the
summary to specific documents, enabling selective access to
the related documents.

Summaries for patients. For patients, we summarize
the set of consumer health documents that are determined to
be relevant. In this case, we carmot assume that all patients
will be interested in a specific type of information such as
results. Instead, we provide information that is commonly
repeated across documents and thus provides a synopsis of
the set of documents. We follow this with "indicative" de-
scriptions which characterize the kind of information con-
tained within the documents, indicating which documents
provide more detail on what topics and which documents
are different from others in either content or form.

For the synopsis, we use a similarity tool that we de-
veloped for summarization of news [15]. Using statistical
measures of pairwise similarity between sentences followed
by clustering, it identifies sets of sentences across articles
where each set describes similar information. From each set
of similar sentences, it extracts one representative sentence
to form part of the summary.

For the indicative part of the summary, the system uses
a hierarchical representation of common topics found across
all documents retrieved in the search. From this tree struc-
ture, it can determine the portion of the tree common to
all documents, the different formats used, when a document
presents more detail than all other documents, and when a
document provides information that is not related to infor-
mation presented in other documents. The summary that
PERSIVAL generates in response to the search query "What
is unstable angina?" is shown in Figure 4.

5.2 Explanations for Technical Terms
Currently, our summarization module uses terms and

phrases that are found in the documents being summarized.
However, some of these terms may not be familiar to pa-
tients. Ultimately, we want to be able to provide definitions
for unfamiliar terms in the summary. To do this, we have



Treatment is designed to prevent or reduce ischemia and mini-
mize symptoms. Angina that cannot be controlled by drugs and
lifestyle changes may require surgery. Angina attacks usually last
for only a few minutes and most can be relieved by rest. Most of-
ten, the discomfort occurs after strenuous physical activity or an
emotional upset. A doctor diagnoses angina largely by a person's
description of the symptoms. The underlying cause of angina re-
quires careful medical treatment to prevent a heart attack. Not
everyone with ischemia experiences angina. If you experience
angina, try to stop the activity that precipitated the attack.

Highlighted differences between the documents include:

This file (5 minute emergency medicine consult) is close in con-
tent to the summary
The Merck manual of medical information contains extensive
information on the topic.

Figure 4: Generated summary of documents re-
trieved for the query "What is unstable angina?"

developed a component of PERSIVAL that can identify and
extract medical terminology, along with their definitions and
modifiers, from reliable online resources such as the Heart
Information Network (HIN, vwv.heartinfo.org/reviews).

In our study, we automatically analyze these resources in
order to explore structural and linguistic methods for the
identification and extraction of definitions and the terms
they define, complementing our work on term extraction
(see Section 4.2). This component of PERSIVAL, called
DEFINDER (Definition Finder), uses rule-based techniques
on text along with the Universal Medical Language Sys-
tem (UMLS) knowledge base. For the defmition extrac-
tion, DEFINDER uses both shallow text processing (based
on cue phrases, structural, and linguistic indicators) and a
rich, dependency-oriented lexicalist grammar, the English
Slot Grammar [23], for analyzing more complex linguistic
phenomena. For example, our analyzer identifies that vera-
pamil and chltiazem should both be included in the category
of calcium channel blockers, from text such as: "Nifedipine is
one of the three widely prescribed calcium channel blockers.
The others are verapamil and diltiazem." In this example,
the referring anaphoric phrase "the others" indicates that
these three items belong in one category.

Our results show that medical texts for the popular audi-
ence, when of high quality, provide a valuable source of med-
ical terminology and definitions. We performed two evalu-
ations: 1) for the definition extraction method and 2) for
the quality of defined terms. In the first case our system
obtained 84% precision and 83% recall. For the second eval-
uation we choose a set of 93 terms and their definitions from
our corpus and compare them with 3 other online dictionar-
ies (including UMLS). The results presented in [20] show
that the dictionaries appear to be incomplete (e.g only 60%
of our term set are present and defined in UMLS; 24% of
the terms are present but undefined; and 16% were absent
altogether). A recent comparison between definitions in the
UMLS and those automatically produced by DEFINDER
shows that the latter are more useful and readable to lay
people. Examples of our results include: (1) anginathe
chest pain that occurs when the heart is deprived of oxy-
gen due to diminished blood flow; (2) atrial fibrillation
improper contraction of the upper left chamber of the four-
chambered heart; and (3) hypertensionhigh blood pres-
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sure. The output of our system can be used in the creation
and enhancement of online terminological resources and in
summarization.

5.3 Presentation and Summarization of Echo
Video

For the video data, PERSIVAL provides efficient tools to
present and summarize the retrieved videos. For example,
from a patient's record, we know the patient was diagnosed
to possibly have.mitral valve regurgitation. Using this term
as a query input, we retrieve video segments related to this
abnormality from the patient's echo video or other videos in
the library. After seeing the displayed videos, users may also
use the content-based search tools described earlier to find
more specific videos showing visual characteristics revealing
important clinical information.

Depending on the context and needs, users may want to
view returned videos at different lengths. Based on their
inherent structures and semantics, echo videos can be sum-
marized at different levels with different lengths. The first
level includes presentation of key frames and associated data
showing the most informative view of the heart in each seg-
ment. At the second level, each segment is represented by
one complete heart cycle (clinical summary) that also shows
the dynamics of the heart. At the third level, a highlight
version of video can be produced by concatenating several
short video clips each of which represents one single heart
cycle from selected views. Such video highlights will be very
useful for accessing the video library through bandwidth lim-
ited networks, such as wireless networks. Figure 5 shows a
window including a key frame summary of selected video
segments related to mitral valve.

5.4 Automated Layout
To help create a high quality user interface, we are devel-

oping methods for laying out automatically the material be-
ing presented, so that coherent, understandable transitions
are employed as the presentation changes (e.g., by adding or
deleting a display, or changing a display's contents). We are
building on our previous research on automated generation
and layout, which uses hierarchical decomposition planning
techniques [33]. Unlike that earlier work, which generates
all components on a single display, one challenge in PERSI-
VAL is to manage a set of displays, including some that are
externally generated (e.g., the existing WebCIS and PatCIS
systems). To determine a suitable approach, we surveyed
previous work on automated user interface layout [22], and
have begun to apply some of the best existing ideas to PER-
SIVAL. New directions include employing evaluation tech-
niques to resolve inconsistencies in automatically generated
constraints, and adding zoomable user interface components
[29] to the set of rendering possibilities available to the au-
tomated layout system.

6. COGNITIVE STUDIES
At the same time as we develop the system, we are also

carrying out formative evaluation that can help us determine
how best to implement personalization. Evaluative work to
date has focused on identifying how physicians assess rele-
vancy of information in the context of particular patients,
for tasks involving both searching (i.e. finding articles rele-
vant to a patient) and summarization (i.e. extracting from
an article information relevant to a patient). The objective
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Figure 5: Echocardiogram Visual Summary

of this work has been to provide input to the design of sys-
tem components, based on the empirical data, and to lay
the groundwork for subsequent formative and summative
evaluation of the corresponding PERSIVAL components.

In our first studies a test set of articles in the area of
cardiology were collected. Other study materials included
medical records from three cardiac patients, including elec-
trocardiogram and echogram reports, as well as a written
description of each patent. The study task involved having
ten physicians review the information about the patients
(one at a time) and then indicate whether each of the ar-
tides were relevant to care of the patient. Subjects were
asked to "think aloud" while doing this task and the audio
recorded sessions were analyzed for strategies used in assess-
ing relevance. Physicians were also asked to indicate which
statements in the articles should be included in a summary
for that patient. Results to date indicate that a number of
different strategies were applied by subjects in scanrnng the
articles and in deciding on their relevance. Differences in
ratings were found to be related to a number of factors, in-
cluding individual interests and level of physician expertise.

We are currently extending our study of relevance rat-
ing to a design where physician subjects are asked to rate
relevancy of articles in the context of specific medical situ-
ations. The approach will later be extended to evaluation
of PERSIVAL components in order to compare processing
of information by physicians with that of automated sys-
tem components. Plans are also being made for assessing
the usability of other PERSIVAL components as prototype
implementations become available, including visual summa-
rization and presentation. Related ongoing evaluations in-
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volve audio recording and analysis of actual questions asked
during intensive care rounds and assessment of information
needs in naturalistic health care settings.

7. CONCLUSIONS AND CURRENT
DIRECTIONS

We have shown how information from the patient record
can be used to personalize the processes of search and sum-
marization across multimedia information. To date, our
work has focused on developing the components of PERSI-
VAL; we have developed a user query component that can
use clinical context to help the user formulate meaningful
queries and extract important information from the record,
a distributed online multimedia search component that uses
machine learning to find relevant sources and patient infor-
mation to rerank articles, and a multimedia presentation
component that uses patient information to determine rele-
vance, automatically finds explanations of terms, uses seg-
mentation and domain knowledge to summarize echocardio-
gram video, and ultimately will integrate this information
in automated layout. Our next steps will be to develop in-
terfaces between the currently separated components and
automatically feed information from one stage to the next.
We will also be focusing on further formative evaluation that
can be used to improve personalization in PERSIVAL.
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