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Biomedical information retrieval (IR)

IR in Biomedicine
Biomedical IR Content
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IR in biomedicine: major challenges

We have gone from

— Information paucity to information overload

— Paternalistic clinicians to engaged patients

— Need to reduce waste in healthcare

* Many topics we want to search on have multiple ways
to be expressed, e.g., diseases, genes, symptoms, etc.

* The converse is a problem too: Many words and terms
used to express topics have multiple meanings

* Balancing open access vs. providing for cost of

production and maintenance
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IR is a growing part of “knowledge
discovery” (Hersh, 2009)

All literature

Possibly relevant Information
literature retrieval

Definitely relevant
literature

Information

| extraction,

Structured text mining
knowledge

Who uses biomedical IR systems?

« Just about all Internet users “search” (if for no other
reason than being sent to search pages when URLs fail)

* Most Internet users search for health information

— Estimates for US adult Internet users who have searched
for personal health information is about 80% (Taylor,
2011; Fox, 2011)

— Virtually all US, Canadian, and UK physicians (and probably
those from everywhere else) use electronic sources
(Davies, 2010)

— Large proportion of academic faculty (78-88%) and
trainees (88%) own smartphones and use them for
information access (Franko, 2011)
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What kind of health information do
people search for? (Fox, 2011)

Health topic % searching
Specific disease or medical problem 66%
Certain medical treatment or procedure 56%
Doctors or other health professionals 44%
Hospitals or other medical facilities 36%
Health insurance — private or government 33%
Food safety or recalls 29%
Environmental health hazards 22%
Pregnancy and childbirth 19%
Medical test results 16%
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How to find more information
about biomedical IR

* From me! e

* Hersh WR, Information _
Retrieval: A Health and Information
Biomedical Perspective, Third Retrieval
Edition, 2009 A Health and Eécr)gllgggtl‘c\;ael

— Web site: www.irbook.info

* OHSU BMI 514/614 -
Information Retrieval

* Many other good books,
journals, and other sources as
well
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Why is IR pertinent to health
and biomedicine?

* Growth of knowledge has long surpassed human memory
capabilities

* Clinicians have frequent and unmet information needs

* Researchers must frequently update their knowledge in new
areas quickly

* Primary literature on a given topic can be scattered and hard
to synthesize

* Non-primary literature sources are often neither
comprehensive nor systematic

* Web is increasingly used as source of health and biomedical
information

yil.
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The life-cycle of knowledge-based
information (Hersh, 2009)

Public data
repository

Secondary
publications

Original
research

Write up
results

Relinquish
copyright

Submit for
publication

Peer
review
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Classification of knowledge-based scientific
information

* Primary — original research

— Published mainly in journals but also in conference
proceedings, technical reports, books, etc.

— Can include re-analysis, e.g., meta-analysis and systematic
reviews
» Secondary — reviews, condensations, and/or
synopses of primary literature
— Textbooks and handbooks are staples of clinical
practitioners, researchers, and others

— Guidelines are important for normalizing care and
measuring quality

N
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Biomedical IR content: a classification

Bibliographic

— By definition rich in metadata

Full-text

— Everything on-line

Annotated

— Non-text or structured text annotated with text

Aggregations
— Bringing together all of the above

These categories are admittedly fuzzy, and increasing
numbers of resources have more than one type
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Bibliographic content

* Bibliographic databases

— The old (e.g., MEDLINE) have been revitalized with new
features

— New ones (e.g., National Guidelines Clearinghouse) have
emerged

* Web catalogs

— Share many characteristics of traditional bibliographic
databases

* Real simple syndication/Rich site summary (RSS)
— “Feeds” provide information about new content

Bibliographic databases

* Contain metadata about (mostly) journal

articles and other resources typically found in
libraries

* Produced by
— U.S. government
* e.g., MEDLINE and subsets, genomics information, etc.

— Commercial publishers
* e.g., EMBASE — part of larger SciVal, CINAHL
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MEDLINE

References to biomedical journal literature

— Original medical IR application — launched in 1966

— Free to world since 1998 via PubMed — pubmed.gov
Produced by National Library of Medicine (NLM)

Statistics (http://www.nIlm.nih.gov/bsd/
bsd_key.html)

— Over 20 million references to peer-reviewed literature
— Qver 5,000 journals, mostly English language

— Over 700,000 and growing new references added yearly

Links to full text of articles and other resources
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Let’s take a tour of PubMed

User wants to know about treatment of

congestive heart failure with angiotensin-

converting enzyme (ACE) inhibitors

— PubMed maps query into appropriate Boolean
statement

Simple AND yields way too many results, so

want to narrow down, especially to best

evidence

— Done by applying Limits or using Clinical Queries
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Navigating to pubmed.gov

£ Home - PubMed - NC
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& NCBI  Resou
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US National Library of Medicne.
National Institutes of Health Advanced Help

PubMed

PubMed comprises more than 21 million citations for biomedical literature from MEDLINE, life science journals,

and online books. Citations may include links to full-text content from PubMed Central and publisher web sites.

Using PubMed PubMed Tools More Resources
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Genetics & Medicine Bookshelf Human Genome NCBI on Twitter
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How did it do that?

* PubMed mapping determines terms and appropriate
Boolean operators, e.g.,

— “congestive heart failure ace inhibitors” becomes:

— ("heart failure"[MeSH Terms] OR ("heart"[All Fields] AND
"failure"[All Fields]) OR "heart failure"[All Fields] OR
("congestive"[All Fields] AND "heart"[All Fields] AND
"failure"[All Fields]) OR "congestive heart failure"[All
Fields]) AND ("angiotensin-converting enzyme
inhibitors"[MeSH Terms] OR ("angiotensin-converting"[All
Fields] AND "enzyme"[All Fields] AND "inhibitors"[All
Fields]) OR "angiotensin-converting enzyme inhibitors"[All
Fields] OR ("ace"[All Fields] AND "inhibitors"[All Fields]) OR
"ace inhibitors"[All Fields] OR "angiotensin-converting
enzyme inhibitors"[Pharmacological Action])
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Topic:
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[Peripartum cardiomyopathy: A multiple entity.]
Vanzetto G, Martin A, Bouvaist H, Marliére S, Durand M, Chavanon O.
Presse Med. 2012 May 1; . Epub 2012 May 1

Do angiotensin receptor blockers prevent myocardial
infarctions as well as other inifial therapies?

singh A, Bangalore S

Curr Opin Cardiol. 2012 Apr 21; . Epub 2012 Apr 21

Meta-Analysis of Randomized Trials of Angioedema as an
Adverse Event of Renin-Angiotensin System Inhibitors.

Makani H, Messerli FH, Romero J, Wever-Pinzon O, Korniyenko A,
Berrios RS, Bangalore S.

Am J Cardiol. 2012 Apr 20; . Epub 2012 Apr 20.

Angiotensin receptor blockers for heart failure.

Heran BS, Musini VM, Bassett K, Taylor RS, Wright JM.

Cochrane Database Syst Rev. 2012 Apr 18; 4:CD003040. Epub 2012
Apr 18,

Screening for, monitoring, and treatment of chronic kidney
disease stages 1 to 3: a systematic review for the u.s
Preventive services task force and for an american college of
physicians clinical practice quideiine.

EinkHA ishaniA Tavior BC_Greer NI_Macdonald R Rossini

Results: 5 of 439

Angiotensin receptor blockers and risk of cancer: cohort study
among people receiving antihypertensive drugs in UK General
Practice Research Database.

Bhaskaran K. Douglas |, Evans S, van Staa T, Smeeth L

BMJ. 2012 Apr 24; 344:€2697. Epub 2012 Apr 24

Results: 5 of 258

Endogenous aldosterone is involved in vascular calcification in
rat

WU SY, Yu YR, Cai Y. Jia LX, Wang X, Xiao CS, Tang CS. Qi YF.
Exp Biol Med (Maywood). 2012 Jan 1; 237(1):31-7. Epub 2011 Dec

Meta-Analysis of Trials of asan
Adverse Event of Renin-Angiotensin System Inhibitors.
Makani H, Messerii FH, Romero J, Wever-Pinzon O, Korniyenko A,
Berrios RS, Bangalore S

Am J Cardiol. 2012 Apr 20; . Epub 2012 Apr 20.

Angiotensin receptor blockers for heart failure.

Heran BS, Musini VM, Bassett K, Taylor RS, Wright JM.

Cochrane Database Syst Rev. 2012 Apr 18; 4:CD003040. Epub 2012
Apris

Screening for, monitoring, and treatment of chronic kidney
disease stages 1 to 3: a systematic review for the u.s.
Preventive services task force and for an american college of
physicians clinical practice guideline

Fink HA, Ishani A, Taylor BC, Greer NL, Macdonald R, Rossini D,
Sadiq S, Lankireddy S, Kane RL, Wit TJ

Ann Intern Med. 2012 Apr 17; 156(8):570-81

growth factor B1 oppositely regulates the
hypertrophic and contractile response to B-adrenergic
stimulation in the heart

Huntgeburth M, Tiemann K, Shahverdyan R, Schiiter KD,
Schreckenberg R, Gross ML, Médersheim S, Caglayan E, Maller-
Ehmsen J, Ghanem A, et al.

PLoS One. 2011; 6(11):626626. Epub 2011 Nov 17

Regulation of angiotensin-(1-7) and angiotensin Il type 1
receptor by telmisartan and losartan in adriamycin-induced rat
heart failure.

Zong WN, Yang XH, Chen XM, Huang HJ, Zheng HJ, Qin XY, Yong YH
Cao K, Huang J. Lu XZ.

Acta Pharmacol Sin. 2011 Nov; 32(11)-1345-60. Epub 2011 Oct 3.
Angiotensin-converting enzyme 2 overexpression improves
central nitric oxide-mediated sympathetic outflow in chronic
heart failure.
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Clinical Queries also allows other

guestion types

/  PubMed Clinical Que

€ C A  ® www.ncbi.nlm.nih.gov/pubmed/clinical?term=congestive%20heart%20failure%20a

& NCBI  Resources @ HowTo &

PubMed Clinical Queries

Results of searches on this page are limited to specific clinical research areas. For comprehensive

congestive heart failure ace inhibitors

Clinical Study Categories Systematic Reviews
Category: | Therapy [~]
scope: S?;’é%%éis |
JProgn;sis |
Results: 5 (Clinical prediction guides Results: 5 of 439

National Guidelines Clearinghouse

* Produced by Agency for Healthcare Research and
Quality (AHRQ)
— www.guideline.gov
* Contains detailed information about guidelines
— Including degree they are evidence-based
— Interface allows comparison of elements in database
for multiple guidelines
* Has links to those that are free on Web and links

to producers when proprietary ”
)
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Web catalogs

* Generally aim to provide quality-filtered Web
sites aimed at specific audiences

— Distinction between catalogs and sites blurry
* Some are aimed towards clinicians
— HON Select — http://www.hon.ch/HONselect/

— Translating Research into Practice —
www.tripdatabase.com

* Others are aimed towards patients/consumers
— Healthfinder — www.healthfinder.gov

Q
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RSS

 RSS “feeds” provide short summaries, typically of news,
journal articles, or other recent postings on Web sites

* Users receive RSS feeds by an RSS aggregator that can

typically be configured for the site(s) desired and to filter
based on content

— Work as standalone, in Web browsers, in email clients, etc.
* Two versions (1.0, 2.0) but basically provide

— Title — name of item

— Link — URL of full page

— Description — brief description of page

)
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Full-text content

* Contains complete text as well as tables,
figures, images, etc.

* If there is corresponding print version, both
are usually identical

* Includes
— Periodicals
— Books
— Web sites — may include either of above

Q
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Full-text primary literature

* Almost all biomedical journals available electronically
— Many published by Highwire Press (www.highwire.org),
which adds value to content of original publisher, including
British Medical Journal, Journal of the American Medical
Association, New England Journal of Medicine, etc.
— Growing number available via open-access model, e.g.,
Biomed Central (BMC), Public Library of Science (PL0S)

* Other publishers license and provide to vendors — e.g.,
from Ovid, MDConsult, etc.

* Impediments to wider dissemination are economic and
not technical (Hersh 2000; McGuigan, 2007)

Q
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Books

e Textbooks

— Most well-known clinical textbooks are now available
electronically

* e.g., Harrison's Principles of Internal Medicine

— Most are bundled into large collections by publishers
* e.g., Access Medicine, Elsevier, Kluwer (Lippincott Williams &

Wilkins)

— NLM has developed books site as part of PubMed

* http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Books

* Compendia of drugs, diseases, evidence, etc.
* Handbooks — very popular with clinicians
OREGON
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Value added for electronic books

/3 Ch. 366: Cerebr iseases - Microsoft Internet Explorer

* Multimedia, e.g., skin e =e
H 1 1 Fle Edt View Tools Help

lesions, shuffling gait of | == : e

Parklnson S Dlsease’ Back | Fouserd Stp  Refesh  Home | Seach :‘a*m:'s'H::r;j :;L o
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etc_ Google -[ =] @pSeachweh @ocachsic | PasPerk @ Pageinfo - [yUp - |
. . HARRISON’S Brief TOC Full TOC Topical TOC | Index [ Contributors
(] B un d | | ng Of mu Itl p I e OnLine @ Search Forum SiteMap | Feedback | Help

Updates als

b O O ks PreTests [ Related Sites Chapter 366: Cerebrovascular Diseases
Part 14

* Can be updated in P

Easton, Hauser, Treatments for atherothrombotic stroke can be divided

between editions ] o e o rvention and s o suts

* Linkage to other
information, e.fg., to
references, self-
assessments, updates, e
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EX Treatment

Prevention GENERAL PRINCIPLES

Top of Chapter

Many means are now available for preventing stroke
Some can be applied widely across large populations of
peaple because they are effective, cost little, and carry
minimal risk. Other measures are expensive and carry
substantial risk; these cannot be applied broadly across
the population but may be valuable in selected high-risk
patients for whom the benefits substantially outweigh the

19



Web sites

* Plenty of good content can be retrieval by
Google, Bing, and other general search engines
— Caveat lector et viewor - let the reader and the viewer
beware (Silberg, 1997)
* There are also more narrow coherent collections
of information on Web
— Usually take advantage of Web features, such as
linking, multimedia
— Increasingly integrated with other resources and
available on different platforms (e.g., integrated into
electronic health records [EHRs], on smartphones,
etc.)

Q
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Some notable full-text content on
Web sites

* Government agencies

— National Cancer Institute
* Www.cancer.gov
— Centers for Disease Control — travel and infection
information
* www.cdc.gov
* http://www.cdc.gov/travel/
— Other NIH institutes, e.g., National Heart, Lung,
and Blood Institute (NHLBI)
* www.nhlbi.nih.gov
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Full-text Web sites (cont.)

* Physician-oriented medical news and overviews, e.g.,
— Medscape — www.medscape.com
— PEPID — www.pepid.com

— Many professional societies provide to members, e.g.,
http://www.acponline.org/clinical_information/

* Patient/consumer-oriented, e.g.,
— Intelihealth — www.intelihealth.com
— NetWellness — www.netwellness.com
— WebMD — www.webmd.com
* Many mobile apps provide health information, e.g.,
— iTriage — www.itriagehealth.com

RQ
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Annotated

* Non-text or structured text annotated with
text
* Includes
— Image collections
— Citation databases
— Evidence-based medicine databases
— Clinical decision support
— Genomics databases
— Other databases

Q
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Image collections

Most prominent in the “visual” medical specialties,
such as radiology, pathology, and dermatology
Well-known collections include

— Visible Human — http://www.nIm.nih.gov/research/visible/
visible_human.html

— BrighamRad — http://brighamrad.harvard.edu/

— WebPath — http://library.med.utah.edu/WebPath/
webpath.html

— More pathology — PEIR, www.peir.net
— DermlS — www.dermis.net
— More dermatology — www.visualdx.com

Many have associated text, which assists with
indexing and retrieval

Q
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Citation databases

Science Citation Index and Social Science Citation

Index

— Database of journal articles that have been cited by
other journal articles

— Now part of a package called Web of Science, which
itself is part of a larger product, Web of Knowledge
(Thomson-Reuters)

* isiwebofknowledge.com, wokinfo.com

SCOPUS — http://www.info.sciverse.com/scopus
Google Scholar — scholar.google.com

Q
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Evidence-based medicine databases

* Cochrane Database of Systematic Reviews
— Collection of systematic reviews, kept updated
* Evidence “formularies”
— Clinical Evidence — BMJ
— JAMAevidence

— PIER (Physician’ s Information and Education Resource,
American College of Physicians) — disease-oriented
overviews, tagged for evidence

* Up to Date
— Clinically oriented overviews of medicine
* InfoPOEMS

— “Patient-oriented evidence that matters”
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Clinical decision support (CDS)

* Content used in CDS systems, usually part of
EHRs

— Order sets (usually “evidence-based”)
— CDS rules
— Health/disease management templates
* Growing and evolving commercial market for

such tools, especially as EHR adoption increases;
leaders include

— Zynx —www.zynxhealth.com
— Thomson Reuters —thomsonreuters.com
— EHR vendors themselves and partners

R
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Genomics databases

* National Center for Biotechnology Information
(NCBI, www.ncbi.nlm.nih.gov; Sayers, 2012)
collection links
— Literature references — MEDLINE

— Textbook of genetic diseases — On-Line Mendelian
Inheritance in Man

— Sequence databases — Genbank

— Structure databases — Molecular Modeling Database
— Genomes — Catalog of genes

— Maps — Locations of genes on chromosomes
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Other databases

 ClinicalTrials.gov
— Originally database of clinical trials funded by NIH

— Now used as register for clinical trials, with results
reporting for some (DeAngelis, 2005; Laine, 2007,
Zarin, 2011)

* NIH RePORTER
— http://projectreporter.nih.gov/reporter.cfm

— Database of all research grants funded by NIH
— Replaced the CRISP database

)
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Aggregations — integrating many
resources

Clinical: Merck Medicus —

www.merckmedicus.com

— Collection of many resources available to any licensed
US physician

Biomedical research: Model organism databases,

e.g., Mouse Genome Informatics

— www.informatics.jax.org

Consumer: MEDLINEplus — medlineplus.gov

— Integrates a variety of licensed resources and public
Web sites
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Evaluation

Questions often asked

— Is system used?

— Are users satisfied?

— Do they find relevant information?
— Do they complete their desired task?

Most studied group is physicians, with systematic
reviews of results (Hersh, 1998, Pluye, 2005)

Most IR evaluation research has focused on retrieval of
relevant documents, which may not capture full
spectrum of usage

— Often consijsts of challenge evaluations that develop “test

collections” — best known is (hon-medical) Text Retrieval
Conference (TREC, trec.nist.gov) (Voorhees, 2005)
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Is system used?

* Most studies done prior to ubiquitous Internet,
electronic health records, mobile devices, etc.

* Studies in various clinical settings (Hersh, 2009;
Magrabi, 2005) showed average use varied from
0.3 to 8.7 accesses per person-month

* Whatever the actual number, this paled in
comparison to known physician information
needs (Gorman, 1995) of two questions per every
three patients

Q
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Are users satisfied?

* Most studies report good user satisfaction,
but some interesting studies to note
— Nielsen (1994) meta-analysis found association

(though imperfect) between user satisfaction and
ability to use computer systems

— Most Internet users believe they mostly find
information they are seeking (Taylor, 2010; Fox,
2011)

Q
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Do they find relevant information?

* Most common approach to evaluation

* Usually measured by relevance-based
measures of recall and precision

* With ranked output, can combine recall and
precision into aggregate measures
— Mean average precision (MAP)
— Binary preference (bpref)
— Normalized discounted cumulative gain (NCDG)
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How well do clinicians search? Early
results from Haynes (1990)
Searcher Type Recall Precision
Novice clinicians 27% 38%
Expert clinicians 48% 48%
Librarians 49% 57%
Other findings
* Little overlap among retrieval sets
* Searchers tended to find similar quantities of disparate
relevant documents
* Novice searchers satisfied with results
* Adequate information or ignorant bliss? — @
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Extending evaluation beyond
physicians and documents

* Other clinicians
— Nurses — Rolye, 1995
— Pharmacists — Wanke, 1988
— Nurse practitioners — Hersh, 2000; Hersh, 2002

e Biomedical researchers
— Very little study of their use of IR systems

— Investigated by TREC Genomics Track (Hersh, 2006; Hersh,
2009) — http://ir.ohsu.edu/genomics/

* Image retrieval — ImageCLEFmed (Hersh, 2006;
Hersh, 2009)

— Retrieval performance related to query type, measure
selection

— http://ir.ohsu.edu/image/

OREGON
HEALTH
&SCIENCE

UNIVERSITY

Q

Recall and precision studies yield
useful results, but

* Are searchers able to solve their information
problems by using system?

— Some results research have used “task-oriented
approach” to measure question-answering

— Hersh (2002) — use of MEDLINE to answer clinical
questions

* Medical students answered 34% of questions before system, 51%
afterwards

* Nurse practitioner students answered 34% of questions before
system but did not change with system

* Time to answer a question was ~30 minutes
* No association of recall or precision with correct answering
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Another task-oriented study

* Westbrook (2005) — use of online evidence
system

— Physicians answered 37% of questions before
system, 50% afterwards

— Nurse specialists answered 18% of questions
before system, 50% afterwards

— Those who had correct answers had higher
confidence in their answers, but those not
knowing answer initially had no difference in
confidence whether answer right or wrong

Q
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How do IR systems impact physician
practice? (Pluye, 2004)

* Qualitative study found four themes mentioned by
physicians
— Recall - of forgotten knowledge
— Learning — new knowledge
— Confirmation — of existing knowledge
— Frustration — that system use not successful
* Researchers also noted two additional themes
— Reassurance — that system is available
— Practice improvement — of patient-physician relationship

Q
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Challenges for IR evaluation moving
forward

* Must understand tasks of user and focus
evaluation accordingly

* Ultimate measure, like any other informatics
application, might be health outcome

— This may be difficult with IR systems since usage
may not directly impact outcomes of patient care
or research activity

HEALTH ﬁ)
& ity
Research directions — applying IR to
medical records
* Most medical records still in narrative
documents, where natural language
processing (NLP) technigues are improving but
still imperfect (Stanfill, 2010)
* For some tasks, can we take an IR approach?
— TREC Medical Records Track uses de-identified
corpus of medical records in initial task of
identifying patients as candidates for clinical
research studies (Voorhees, 2011) )
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TREC Medical Records Track test
collection

20071026ER-9qWiuGEk8Xkz-488-541231171
/ / 20073482DS-56d8329-100-34234561
20071026RAD-9qWiuGEK8Xkz-488-1222308213 DISCHARGE SUMUARY
3EKrCWVnWCy/ 20073482DS-56d8329-100-34234561 e e ion,
[ S - 2. Gastroenteriti
I — 20071027HP-9qWiuGEk8Xkz-488-1348146618 3. Dehydration.
4. Hyperglycemia.
SR 20073482DS-56d8329-100-34234561 5. Diabet
[ 6. eoarthritis.
H 2007100542DS-5618329-100-34234561 7. History of anemia.
8. History of tobacco use.
20073482HP-56d8329-100-342348376 . )
HOSPITAL COURSE: The patient is a **AGE([in 40s]
200782RAD-56d83asd29-100-34238923847 -year-old insulin-dependent diabetic who
presented with nausea, ...
20071028HP-9qWiuGEk8Xkz-488-1617583866
2007348932DS-56dnp29-100-34289345023804
20073482DS-56d83fsdf29-344-34234561 Report Extract
b 20071030DS-9qWiuGEK8Xkz-488-856269896
200734462RAD-5608329-800-87342345323
17,198 visits 101,712 reports (93,552 mapped to visits) @
OREGON )
o (Courtesy, Ellen Voorhees, NIST) I “/\IJ H L2
° &SCIENCE
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Topics of TREC Medical Records Track —
easy and hard

* Easiest — consistently best results
— 105: Patients with dementia

— 132: Patients admitted for surgery of the cervical spine for fusion or
discectomy

* Hardest — consistently worst results
— 108: Patients treated for vascular claudication surgically

— 124: Patients who present to the hospital with episodes of acute loss
of vision secondary to glaucoma

* Large differences between best and worst results
— 125: Patients co-infected with Hepatitis C and HIV

— 103: Hospitalized patients treated for methicillin-resistant
Staphylococcus aureus (MRSA) endocarditis

— 111: Patients with chronic back pain who receive an intraspinal pain-

medicine pump
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Another research direction: question-
answering

* Users may retrieve documents, but usually want
answers to questions

* Subarea of IR research has focused on question-
answering systems (Strzalkowski, 2006)

* Most recent “hype” of question-answering is the
IBM Watson system
— Developed out of TREC Question-Answering Track
(Voorhees, 2005; Ferrucci, 2010)
— Beat humans at Jeopardy (Markoff, 2011)
— Now being applied to healthcare (Ferrucci, 2012)
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Conclusions

* Mine
— IR, including in biomedicine, has become
widespread and mainstream

— Challenges still exist, especially in specific domains
and/or for specific tasks

— Plenty of room left for research but building on
top of existing systems and not de novo

* Yours?
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