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INTRODUCTION



Types of information 

• Patient-specific information – applies to specific patients, 
associated with healthcare provision and stored in EPR/HIS

• Knowledge-based information – information (knowledge) 
derived from research, published in books, journals …

Information retrieval (IR) is the field concerned with acquisition, organization and 
searching of knowledge-based information [Hersh, 2009]

Hersh, W. (2014). Information retrieval and digital libraries. In: Shortliffe, E.H., Cimino, J. (eds.): Biomedical Informatics. Computer Applications in Health Care and 
Biomedicine, Springer, 626-654.



Some history…

• 1878 – Index Medicus
• Index of medical articles

• Metadata: title, authors, keywords (subject headings)

• 1966 – MEDLARS (Medical Literature Analysis and Retrieval
System), NLM
• Computer-based version of Index Medicus

• Metadata: similar to paper version (disk space limitations)

• Medical Subject Headings (MeSH) used as keywords for indexing

• Running queries sent by regular mail

• 1990s – bibliographic databases managed by NLM made 
available on the Web (→ MEDLINE/PubMed)



KNOWLEDGE-BASED 
INFORMATION AND EBM



Possible states of information needs in clinical context
1. Unrecognized – clinician unaware of information need

2. Recognized – clinician aware of need but may or may not pursue it

3. Pursued – information seeking occurs but may or may not be successful

4. Satisfied – „found necessary informaiton”

Information needs

Unrecognized information needs result in non-adherence to up-to-date clinical practice 
and sub-optimal quality of care!



Information needs in practice

• On average 3 questions per 4 patients (primary care) 
• What drug to prescribe? What causes observed symptom? ...

• Answer seeking in 12-36% cases
• No explicit formulation of a question

• Discarding the search ( too time-consuming, acceptable searching 
time = 2 min or less)

• Integration of IR mechanisms with EPR/HIS systems for 
automatic provision of links to knowledge-based resources

Timpka T, Arborelius E. The GP's dilemmas: a study of knowledge need and use during health care consultations. Methods Inf Med. 1990; 29(1):23-9.
Ely JW, Osheroff JA, Ebell MH, et al. Analysis of questions asked by family doctors regarding patient care. BMJ 1999;319:358-361.
Hersh WR, Crabtree MK, Hickam DH, et al. Factors associated with success in searching MEDLINE and applying evidence to answer clinical questions. J Am Med 
Inform Assoc 2002;9(3):283-93.



Evidence-based Medicine (EBM)

• 3-step process
1. Phrasing a clinical question that is relevant and answerable

2. Identifying evidence (studies in articles) that address the question

3. Critically appraising the evidence – does it apply to the patient?

• Categories of considered questions
1. Therapy or intervention – benefits?

2. Diagnosis – diagnosing test?

3. Harm – detrimental health effect?

4. Prognosis – outcome of disease course?

Integration of experience (art) with best clinical results (knowledge-based information) 
for informed clinical decision making

Sackett DL, Rosenberg WM, Gray JA, et al. Evidence based medicine: what it is and what it isn't. BMJ 1996;312:71-2.
Ely JW., Osheroff JA, Ebell MH, et al. Obstacles to answering doctors’ questions about patient care with evidence: qualitative study. BMJ 2002;324:1-7.

Most valuable evidence comes from RCTs, but they are not always possible (e.g., harm and ethical issues)



REPOSITORIES OF KNOWLEDGE-
BASED INFORMATION



Types of repositories

1. Bibliographic content
• Citations or pointers to medical literature, no content

• Examples: MEDLINE/PubMed (NLM),  EMBASE (“European MEDLINE”), 
National Guidelines Clearinghouse (NGC) with clinical guidelines

2. Full-text content
• Full publication content, often linked from a bibliographic repository 

(e.g., PubMed publisher website)

• Usually maintained by commercial publishers, PubMed Central for 
publications prepared within NIH grants



Types of repositories

3. Annotated content
• Resources stored in specialized databases depending on the format 

(image, genomics, citation, EBM…) 

• Examples: Visible Human Project, PEIR, The Cochrane Library (Database 
of Systematic Reviews)

4. Aggregated content
• Aggregation of content from the first three categories (copies or links to 

original repositories)

• Examples: MedlinePlus, Merck Manual



PubMed

https://www.ncbi.nlm.nih.gov/pubmed

https://www.ncbi.nlm.nih.gov/pubmed


PubMed – Clinical Queries

Support for EBM 
questions



NGC

https://www.guideline.gov/

https://www.guideline.gov/


PubMed Central

https://www.ncbi.nlm.nih.gov/pmc/

https://www.ncbi.nlm.nih.gov/pmc/


Visible Human Project 

https://www.nlm.nih.gov/research/visible/visible_human.html

https://www.nlm.nih.gov/research/visible/visible_human.html


PEIR (Pathology Information Educational
Resource) Digital Library

http://peir.path.uab.edu/library/

http://peir.path.uab.edu/library/


The Cochrane Library

http://www.cochranelibrary.com

http://www.cochranelibrary.com/


Systematic review



Merck Manual

http://www.merckmanuals.com/

http://www.merckmanuals.com/


MedlinePlus

https://medlineplus.gov/

Accepted codes:
 diagnoses – ICD-9/10-CM, SNOMED-CT
 drugs – RxNorm
 examinations – LOINC
Also plain text queries (in English)
Results returned in JSON

https://medlineplus.gov/


MedLinePlus

https://apps2.nlm.nih.gov/medlineplus/services/mpconnect_service.c
fm?mainSearchCriteria.v.cs=2.16.840.1.113883.6.103&mainSearchCrite

ria.v.c=250.33&knowledgeResponseType=application/json

ICD-9-CM code = 250.33

https://apps2.nlm.nih.gov/medlineplus/services/mpconnect_service.cfm?mainSearchCriteria.v.cs=2.16.840.1.113883.6.103&mainSearchCriteria.v.c=250.33&knowledgeResponseType=application/json


INFOBUTTONS



Infobuttons

• Links from EPR/HIS to (potentially) relevant resources in 
external repositories with knowledge-based information

• Infobutton Manager – selection of a specific information 
source depending on the context (e.g., patient data, query 
topic, “consumer” of a response)

• Detailed specification in the HL7 standard  (context-aware
information retrieval) 
• Based on HL7 V3 RIM

• Query and its content defined as RMIM

• Invocation via URL, SOAP or RESTful

• Open-source implementation of the infrastructure

http://www.infobuttons.org/ and http://www.openinfobutton.org/

http://www.infobuttons.org/
http://www.openinfobutton.org/


Infobutton Manager – schemat działania

Del Fiol G, Huser V, Strasberg HR, Maviglia SM, Curtis C, Cimino JJ. Implementations of the HL7 Context-Aware Knowledge Retrieval (“Infobutton”) Standard: 
challenges, strengths, limitations, and uptake. J Biomed Inform 2012;45(4):726–35.



Infobutton - context

http://lite.bmi.utah.edu/InfobuttonQA.html

http://lite.bmi.utah.edu/InfobuttonQA.html


Infobuttons – demo

http://lite.bmi.utah.edu/OpenInfobuttonDemo.html

http://lite.bmi.utah.edu/OpenInfobuttonDemo.html


INDEXING AND SEARCHING



Indexing of resources

• Manual indexing
• Conducted by human experts

• Using some controlled terminology and an approved protocol (e.g., for 
solving disagreement between experts)

• Applied (usually) to bibliographic and annotated resources

• Automatic indexing
• Using terms appearing in indexed resources and/or some controlled 

terminology

• Applied typically to full text resources

• Hybrid indexing → automatic indexes “cleaned” later by human 
experts (e.g., MEDLINE)



Controlled terminologies

• MeSH (Medical Subject Heading)
• Terminology developed by NLM (MEDLINE), 1st edition in 1960

• Annual updates and extensions: 5,700 concepts in 1st edition and 26k+ in 
the most recent (170k+ terms)

• Types of entries

• Descriptor (main heading) → a biomedical concept

• Qualifier (subheading) → additional characteristic of a descriptor

• Supplementary concept record) → drug or other chemical substance

• EMTREE (for EMBASE)

Controlled terminology is a set of concepts (a canonical term and alternatives) and relations 
between them (hierarchy, synonym, related) used for indexing and for encoding resources.

http://www.nlm.nih.gov/mesh/

http://www.nlm.nih.gov/mesh/


MeSH descriptors and qualifiers



Organization of descriptors

• Descriptors are divided into 16 categories

• Categories are represented as multi-level trees
• From the most general to specific descriptors

• Up to 13 levels of hierarchy

• A descriptor may appear in several categories (trees)



Unified Medical Language System (UMLS)

• A set of tools and resources to support automatic processing of 
biomedical texts developed by NLM

• Metathesaurus
• Combines multiple existing dictionaries and terminologies

• Hierarchy and relations between concepts coming from different sources 
and specified in different languages

• Semantic Network
• Hierarchy and relations between semantic types associated with specific 

concepts defined in Metathesaurs

• API for invoking UMLS functions from external applications

http://www.nlm.nih.gov/research/umls/

http://www.nlm.nih.gov/research/umls/


Metathesaurus



Semantic Network



MetaMap

• System for analyzing biomedical texts (in English) and 
recognizing concepts from Metathesaurus

• Core element of Medical Text Indexer (MTI) used by NLM for 
automatic indexing of medical publications

• Available for free (open source), can be used to built custom 
solutions; also available online

http://metamap.nlm.nih.gov/

http://metamap.nlm.nih.gov/


MetaMap

MeSH only All available terminologies



Text processing in MetaMap

1. Tokenization, sentence boundary 
determination and acronym/abbreviation 
identification

2. Part-of-speech tagging

3. Lexical lookup of input words in the 
SPECIALIST lexicon (UMLS)

4. Syntactic analysis – identification of 
phrases

5. Variant generation (with variants of all 
phrase words)

6. Candidate identification and evaluation

7. Mapping construction by combining best 
candidates

8. Word sense disambiguation by checking 
semantic consistency of mappings and 
surrounding text

Aronson AR, Lang FM. An overview of MetaMap: historical perspective and recent advances. J Am Med Inform Assoc 2010;17(3):229-36.



Automatic indexing

• Preprocessing of indexed documents
• Splitting the text into words/tokens (tokenization)

• Removal of “insignificant” words (stopwords)

• Normalization of the format (e.g., all lowercase)

• Transformation of words into their canonical form (terms) through 
stemming (a common part) lub lemmatization (base form)

• Bag of words representation – a collection of all terms that 
appear in the text
• Direct construction of the index

• Computation of additional metrics (TF-IDF)

Stemming: am, are, is am, ar, is
Lemmatization: am, are, is be



TD-IDF representation

• Each document represented as a vector in m-dimensional 
space (m = number of terms, also called vector-space model)

• Specific vector elements defined as
𝑇𝐹𝐼𝐷𝐹 𝑡, 𝑑 = 𝑇𝐹 𝑡, 𝑑 × 𝐼𝐷𝐹 𝑡

𝑇𝐹 𝑡, 𝑑 = number of occurrences of term t  in document d

𝐼𝐷𝐹 𝑡 = 𝑙𝑜𝑔
number of all documents

number of documents containing term 𝑡

• Combination of local (TF) and global (IDF) perspectives when 
evaluating specific terms and documents

TF = term frequency
IDF = inverse document frequency



Problems with automatic indexing

• Synonymy – different words, same meaning

• Polysemy – the same word, different meanings

• Content – words in a document may not reflect its major focus 
(digressions, references to other concepts) 

• Context – words take on meaning based on their surrounding 
(e.g., high blood pressure)

• Granularity – queries and documents describe concepts at 
different levels (e.g., classes of drugs and specific drugs)

Possible solution (to some of the problems): index or query expansion, 
using n-grams or word embedding…



Searching and retrieval

• Two approaches for matching documents and queries
• Exact match – queries given as logical expressions (AND, OR , NOT) → full 

match of a document an query is required

• Partial match – application of various matching measures, selection of 
best matching documents → relevance ranking

• Exact match traditionally aimed for bibliographic and 
annotated repositories, while partial match at full-text ones

Exact match is preferred by more advanced users (perception of better control), 
however, no significant differences in obtained results



Computing partial matching

• Jaccard similarity – for the bag of words representation

𝑠𝑖𝑚 𝑑𝑖 , 𝑑𝑗 =
𝑑𝑖 ∩ 𝑑𝑗

𝑑𝑖 ∪ 𝑑𝑗

• Cosine similarity – dla the TFIDF (vector) representation

𝑠𝑖𝑚 𝑑𝑖 , 𝑑𝑗 =
𝑑𝑖 ⋅ 𝑑𝑗

𝑑𝑖 × 𝑑𝑗
=
 𝑡 𝑇𝐹𝐼𝐷𝐹 𝑡, 𝑑𝑖 × 𝑇𝐹𝐼𝐷𝐹 𝑡, 𝑑𝑗

𝑑𝑖 × 𝑑𝑗

When computing similarity between a document and a query, 
then TF is established from the query, and IDF from the set of documents.



Evaluation measures for IR systems

Direct or system-oriented evaluation
• Precision and recall

𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 𝑞 =
𝑟𝑒𝑡𝑟𝑖𝑒𝑣𝑒𝑑𝑞 ∩ 𝑟𝑒𝑙𝑒𝑣𝑎𝑛𝑡𝑞

𝑟𝑒𝑡𝑟𝑖𝑒𝑣𝑒𝑑𝑞

𝑟𝑒𝑐𝑎𝑙𝑙 𝑞 =
𝑟𝑒𝑡𝑟𝑖𝑒𝑣𝑒𝑑𝑞 ∩ 𝑟𝑒𝑙𝑒𝑣𝑎𝑛𝑡𝑞

𝑟𝑒𝑙𝑒𝑣𝑎𝑛𝑡𝑞

• Precision@k – established for the first k retrieved documents

• Average precision (taking into account the order of returned documents) 
and mean average precision (for a set of queries)

𝑎𝑣𝑒𝑟𝑎𝑔𝑒_𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 𝑞 =
 𝑘=1
𝑛 𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛@𝑘𝑞

𝑟𝑒𝑡𝑟𝑖𝑒𝑣𝑒𝑑𝑞 ∩ 𝑟𝑒𝑙𝑒𝑣𝑎𝑛𝑡𝑞



Problem with direct evaluation

• Relies on the “ground truth” established by experts

• For each query there should be a (separate) set of relevant 
documents (→ significant workload imposed on experts)

• Significant differences between experts in evaluations of 
documents for a given query (𝜅 – Cohen’s kappa)
• OHSUMED collection 𝜅 = 0.41

• Our experiment 𝜅 = 0.30

Poor agreement 
between observers!



Our experiment…



Other approaches to evaluation

• Indirect or user-oriented evaluation – impact of using the IR 
system of the outcome of tasks conducted by its users

• Typical scenario – answering questions before and after using 
an IR system to search for information
• No differences between exact and partial query matching techniques

• Diversified increase in accuracy depending on the class of users (larger 
for nurses, smaller for physicians), however, comparable final results

Hersh, W. (2014). Information retrieval and digital libraries. In: Shortliffe, E.H., Cimino, J. (eds.): Biomedical Informatics. Computer Applications in Health Care and 
Biomedicine, Springer, 626-654.



Impact on EBM and IR systems on decisions

Changed patient management
Information influenced decision
An impact on clinical problem solving
Increased understanding/knowledge or provided reassurance
Would have had an impact on doctors or their practice
Had an impact
Would affect the treatment of future patients
Confirmed patient care decisions or changed patient management

Pluye P, Grad RM, Dunikowski LG, Stephenson R. Impact of clinical information-retrieval technology on physicians: a literature review of quantitative, qualitative 
and mixed methods studies. Int J Med Inform 2005;74(9):745-68.


