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■  Biomedical text documents in general and with a special focus on  

■  Scientific publications and  

■  search engines to find them. 

Furthermore, how methods of natural language processing help to  

■  Answer natural language questions and  

■  Extract most relevant information from biomedical articles. (optional)  

In this lecture you will be introduced to  
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Prescriptions 
German Muster 16 
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Encyclopedias and Forums 
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Pathology Report 
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The “vicious mandala” of clinical document generation 
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Hüske-Kraus, NLG für medizinische Dokumente 



Discharge Letter 
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■  Approx. 50 documents per inpatient spell1 

■  60-80 % textual and „human generated“  

■  A 350 bed institution with an LOS of 7d creates ∼1600 of these per day  

à A hospital‘s textual output is comparable to a medium-sized daily newspaper  

The hospital as editorial office 
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1Schmücker P, 2012: Dokumentenaufkommen und eArchivierung in Krankenhäusern - Entwicklung und Stand heute. 



(Bio-)Ontologies 
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■  Provide rich human and machine understandable descriptions of the terms they 
purport to describe 

■  Have value for semantic annotation of data, which allows integration across domains 
(granularity, species, experimental methods) 

■  Facilitate granular and cross-domain queries 

■  Can be used to obtain explanations for inferences drawn 

■  Can be efficiently processed by algorithms and software 

Bio-Ontologies 
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ISMB 2011 Tutorial :: Dumontier/Hoehndorf, Formalizing Systems Biology with Biomedical Ontologies 



 

Scientific Publications 
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■  Over 27 Mio citations 
(indexed in PubMed) 

■  Corpus of literature is 
growing exponentially 

■  Researchers somehow 
have to cope with the 
large amount of 
information 

Biomedical Publications 
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■  Methodical paper: New algorithms, systems, etc. 

■  Review / survey paper: Status quo / current status of a research area 

■  Concepts paper: New ideas or theories without concrete realization 

■  Evaluation paper: Quantitative comparison of different approaches 

■  Technical Report: Notification of current status of an approach within organization, 
usually no review 

General –  
Types of Scientific Publications 
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■  Title 

■  Authors and affiliations 

■  Journal name, volume, issue, year, 
page range, doi 

■  Copyright and publishing information 

General –  
Administrative Information 
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Paper Sections –  
Example Structures 

■  Title 

■  Abstract 

■  Introduction 

■  (Background) 

■  Related Work 

■  Main Part 

■  Conclusion  

■  References 

 

■  Title 

■  Abstract 

■  Introduction 

■  (Background) 

■  Main Part 

■  Related Work 

■  Conclusion 

■  References 
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■  Usually not more than 140 words 

■  Reflects the main story of the research paper 

■  Short and concise sentences 

■  Always follows a particular structure 

□  Scope – What is the general context? 

□  Problem – What is the specific problem? 

□  Significance – Why is it a problem? 

□  Solution – How do you solve it? 

□  Evaluation – Does your solution fulfill expectations (very short)?  

Paper Sections  
Abstract 
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Introduction and Background 

■  Introduces the topic and defines the terminology 

■  Explains the focus of the paper and research objectives 

■  Last paragraph commonly outlines the structure of the paper 

 

Related Work 

■  Helps to understand the field and the problem 

■  Compares and differentiate own work with the state of the art 

■  Strategies of the different approaches, strengths/weaknesses 

 

Paper Sections 
Introduction, Background and Related Work 
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■  Materials and Methods – Explains the experimental setup. 

■  Results – Illustrates the observations made. 

■  Evaluation and Discussion – Finds, explains and discusses reasons for observations. 

■  Conclusion - Answers the research questions and explains importance of discovery 
and future implications 

Further Elements 

■  Figures  

■  Tables 

■  Captions  

 

Paper Sections –  
Main Part and Further Elements 
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■  Footnotes 

■  References 



■  Text documents are primarily unstructured  

■  Scientific papers follow, e.g., the IMRAD structure  

■  Abstract and title should contain a large amount of the important information 

■  Methods are mostly relevant for deep dives on specific parts of the paper 

■  Future work is usually not relevant for information extraction 

à  The knowledge of the rough contents of a paper guides the development of 
processing tools with a specific purpose, e.g., information extraction.  

à  To reduce the search space and noise, it is common and advisable to not process all 
sections of a paper.   

Scientific Paper 
Summary 
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Search Engines (for Biomedical Contents) 
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System  Service 
provider  Data  Data size  Discipline  

PubMed  National Library 
for Medicine  

MEDLINE/PubMed, journals, 
books, only titles and abstracts  26 million  Biomedical  

PubMed 
Central  

National Library 
for Medicine  Full-text life science journals  3.9 million (1.3m 

open access)  Biomedical  

Quetzal  Quertle  

MEDLINE/PubMed, PMC open 
access, Toxline, Medicine Patent 
grants, Health/life science news, 
AHRQ† treatment guidelines, 
NIH‡ grants  

~35 million  Biomedical  

Google 
Scholar  Google  Scholarly documents on the 

internet  ~160 million  General 



■  Over 27 million bibliographic records and abstracts 

■  Indexes articles from MEDLINE, ejournals, ebooks and more 

■  Organization via Medical Subject Headings (MeSH) 

■  U.S. National Library of Medicine and National Institutes of Health 

PubMed/Medline 
Search Engine for Biomedical Literature 
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■  NCBI’s federated text search 
and retrieval system  

PubMed 
Entrez Global Query Cross-Database Search System  
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Document preprocessing: 

■  Tokenization: split text into words/token 

■  Removal of stop words, e.g., retrieved from a stop word list 

■  Stemming: reduce an inflected word to its word stem by removing its affixes à maps 
similar word to one stem and therefore enables synonym search 

Storage: 

■  Words are stored together with their occurrence count within the text and a  

■  Weight, which depends on the location of the word (weight(word in title) > 
weight(word in text)) +  Bonus if MeSH term 

PubMed/Entrez 
Document Processing 
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Discovery Features: 

 

■  Similar documents, e.g., “similarity” can be calculated via weighing metrics 

□  Calculation: Add up all scores of al the terms two publications have in common 

□  Similar articles are pre-computed for every document in the database 

■  Links between nodes, e.g., a link between the definition of a gene and publications 
the gene is described in 

PubMed 
Discovery Features 
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PubMed  
Advanced Search 
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■  Key words and MeSH terms 
■  Boolean Opertors 



PubMed 
Results 
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Terminologies: 

■  MeSH (Medical Subject Headings) 

■  UMLS (Unified Medical Language System) 

■  ICD-10 (International Classification of Diseases) 

 

Ontologies: 

■  The Gene Ontology (GO) 

■  Sequence Ontology 

■  Model Organisms 

■  Functional Genomics Data 

■  Ontology for Biomedical Investigations 

Biomedical Terminologies and Ontologies 
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■  MeSH is the NLM controlled vocabulary thesaurus used for indexing articles for 
PubMed. 

■  Hierarchically-organized terminology for indexing and cataloging of biomedical 
information 

■  Example:  

Terminology in PubMed 
Medical Subject Headings (MeSH)  
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MeSH Tree Structures 
Headings 

A. Anatomy 

B. Organisms 

C. Diseases 

D. Chemicals and Drugs 

E. Analytical, Diagnostic and Therapeutic 
Techniques and Equipment 

F. Psychiatry and Psychology 

G. Phenomena and Processes 

H. Disciplines and Occupations 

 

I. Anthropology, Education, Sociology and 
Social Phenomena 

J. Technology, Industry, Agriculture 

K. Humanities  

L. Information Science  

M. Named Groups 

N. Health Care 

V. Publication Characteristics  

Z. Geographicals 
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■  Each branch has many levels of sub-branches, and each 
heading has a position in the hierarchy. 

■  Some terms appear in more than one branch of the tree. 

■  Subheadings are arranged in logical hierarchical groupings 
(families). 

■  Subheadings and appearance in multiple branches results in 
“explosion” of search space 

MeSH Tree Structures 
Headings and Subheadings 
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Subject indexing includes: 

■  reviewing a journal article (or other material such as a letter or editorial) 

■  determining its subject content, and 

■  describing that content using a controlled vocabulary.  

 

The purpose of indexing with controlled vocabulary is: 

■  to facilitate search retrieval by eliminating (or accounting for) the use of variant 
terminology for the same concept. 

Principles of MEDLINE Subject Indexing 
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Summary PubMed Search Engine/MeSH Ontology 
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■  Multiple tree numbers leading to 
the same term 

■  Synonyms of the term 
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1.  Read carefully and understand the title. 

2.  Read the introduction, looking for the purpose of the article. 

3.  Scan the body of the article, focus on the Materials & Methods section and the Results section. 

4.  Note section headings, paragraph headings; italics, boldface; charts, plates, tables, illustrations; 
laboratory methods, case reports, etc. 

5.  Select for indexing only those subjects actually discussed as opposed to those subjects merely 
mentioned. 

6.  Read the summary or conclusions of the author to determine whether the stated purpose was 
achieved. Do not index implications or suggested future applications. Do not index conclusive 
statements not supported by the text. 

7.  Scan the abstract for items missed, verifying that the text supports indexing these concepts. 

8.  Scan the author's own indexing or the keywords supplied by the publisher to see whether the 
concepts chosen are actually discussed in the text. 

9.  Scan the bibliographic references supplied by the author for clues and further corroboration. 

 

The MEDLINE Indexing Process:  
Determining Subject Content 
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■  Prof. Köttgen (Charité Berlin): Manually curates a 
literature corpus of new and relevant publications 

in all fields of medicine. 

■  Deutsche Krebsgesellschaft: Employs professionals 
to extract and summarize all relevant information 
from oncology publications.  

■  Prof. Affeld (Charité): “What can be better than 
PubMed Advanced Search?” 

■  Automatic/semi-automatic approaches? 

Other ways of coping with millions of documents… 
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Definition: QA systems take questions expressed in natural language (e.g., English) and 
generate a precise answer by linguistically and semantically processing both the 

questions and data sources under consideration.  

 

Advantages: 

■  Queries can be posed using natural language instead of keywords 
■  Results are generated according to what has been specifically requested, be it a 

single answer or a short summary 
■  Answers are usually based on the integration of textual documents and a variety of 

knowledge sources 

Question Answering Systems 
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■  http://www.hpi.de/plattner/olelo 

■  http://services.hon.ch/cgi-bin/QA10/qa.pl 

■  http://www.askhermes.org 

■  http://eagl.unige.ch/EAGLi/ 

 

Example questions: 

■  What is Zika virus? 

■  What are the diseases caused by Zika virus? 

■  How to treat Guillain-Barre syndrome? 

■  Any audience questions? 

Demo of all online available QA systems 
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■  HONQA relies on certified websites from the Health On The Net (HON) to extract 
their answers from and considers a variety of question types.  

■  Additionally, questions can be posed also in French and Italian. 

■  The system rely on UMLS to detect the type of the expected answer and it follows 
the typical architecture of QA systems, but no details are presented in the 
publication. 

HONQA 
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■  EAGLi extracts the answers exclusively from 
PubMed abstracts and returns a list of 

concepts as answers. 

■  When no answer is found, the system returns a 
list of potential relevant publications, along 
with selected passages. 

■  The system indexes Medline locally with the 
Terrier information retrieval platform and uses 
the Okapi BM25 as weighting scheme to rank 
documents. 

■  The answers provided by the system are 
based on the Gene Ontology (GO) concepts. 

EAGli 
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■  askHermes extracts answers from various sources, e.g., PubMed and Wikipedia, and 
presents answers as a cluster of terms, a ranked list or clustered by content, along 

with the corresponding relevant passages. 

■  However, the result page tends to be very long and contains more information than 
most users can deal with. 

■  The methods behind askHermes include regular expressions from question 
understanding, classification into 12 topics and keyword identification, both based on 
machine learning approaches, and the use of the MetaMap system for concept 
recognition. 

■  Document indexing is based on the BM25 model and passage ranking is based on the 
longest common subsequence (LCS) score. 

AskHERMES 
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Question Answering Process 
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Question Answering Process 
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Shortcomings of Current Approaches 
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■  Plain Text Results 

■  List of Articles 
■  New tab search 

■  Tedious advanced search 



Olelo 

http://www.hpi.de/plattner/olelo 

 

Aims for Olelo 

1.  Explorative Search 

2.  Uncover new connections/relationships 

3.  Simple to use interface 

4.  Look-up of medical terminology 

5.  Eliminate new tab search 
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Olelo  
Architecture 
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PubMed Indexing 
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Authors 

PM_ID 

… 

+

3.200.000.000 2.700.000.000 Abstract 

Title 321.000.000 360.000.000 

PubMed 

MeSH UMLS LING 

Dictionary matches 

16.000.000 



(1)  MeSH terms,  

(2)  proper names 

(3)  Nouns 

(4)  UMLS terms 

(5)  adjectives/verbs/adverbs. 

Question Processing 
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Question Processing 
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? What are treatments for hair loss? 

treatments 
(Headword) 

hair loss 
(Token) 

contains(Token[s]) 

16 million ~ 

1
. 

2
. 

3
. 

Sentence extraction Term extraction 

4
. 

Doc
s 

Docs 

Cache 



Olelo 
Summarization 
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Documents from Q&A or user selection 

Named Entity 
Recognition 

Stopword removal 

Tf-Idf calculation 

Signature Term Scoring 

Preprocessing 

Adapted LexRank Scoring 

Redundancy removal 

Ordering 

Summary generation 

Summary 



Olelo 
Summary of Key Features 
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Thank you! 
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