
Università degli Studi di Trieste

Dipartimento di Ingegneria e Architettura

Corso di Laurea Magistrale in 
INGEGNERIA CLINICA

NATURAL LANGUAGE PROCESSING: 
ESEMPIO APPLICATIVO

Corso di Informatica Medica
Docente Sara Renata Francesca MARCEGLIA



DA DOCUMENTO NON STRUTTURATO…



… A DOCUMENTO STRUTTURATO



NATURAL LANGUAGE PROCESSING

• È possibile effettuare analisi su testi non strutturati?
• È possibile estrarre informazione anche se il testo non è

codificato/standardizzato?

TECNICHE DI NATURAL LANGUAGE 
PROCESSING

Esempio: http://linguistic-annotation-tool.italianlp.it

http://linguistic-annotation-tool.italianlp.it/


I PASSI PRINCIPALI DEL NLP

• Identificazione dei confini delle frasi 
(token)

• Può considerare parole (congiunzioni), 
spazi, o segni di punteggiatura

SENTENCE 
TOKENIZER

• Definizione della categoria 
grammaticale (nome, verbo, etc)PART OF 

SPEECH (POS) 
TAGGER

• Identificazione delle relazioni 
grammaticali tra le parti identificate

PARSER



SENTENCE TOKENIZER

OCULAR COMPLICATIONS OF MYASTENIA GRAVIS.

OCULAR   COMPLICATIONS  OF  MYASTENIA  GRAVIS  .



REGULAR EXPRESSIONS

https://regex101.com/



EHR EXAMPLE: MONICA LATTE

https://www.ahrq.gov/ncepcr/tools/pf-handbook/mod8-app-b-monica-latte.html

Review of Systems
General: denies fatigue, malaise, fever, weight loss
Eyes: denies blurring, diplopia, irritation, discharge
Ear/Nose/Throat: denies ear pain or discharge, nasal obstruction or discharge, sore throat
Cardiovascular: denies chest pain, palpitations, paroxysmal nocturnal dyspnea, orthopnea, 
edema Respiratory: denies coughing, wheezing, dyspnea, hemoptysis
Gastrointestinal: denies abdominal pain, dysphagia, nausea, vomiting, diarrhea, constipation
Genitourinary: denies hematuria, frequency, urgency, dysuria, discharge, impotence, incontinence
Musculoskeletal: denies back pain, joint swelling, joint stiffness, joint pain
Skin: denies rashes, itching, lumps, sores, lesions, color change
Neurologic: denies syncope, seizures, transient paralysis, weakness, paresthesias
Psychiatric: denies depression, anxiety, mental disturbance, difficulty sleeping, suicidal ideation, 
hallucinations, paranoia
Endocrine: denies polyuria, polydipsia, polyphagia, weight change, heat or cold intolerance
Heme/Lymphatic: denies easy or excessive bruising, history of blood transfusions, anemia, 
bleeding disorders, adenopathy, chills, sweats
Allergic/Immunologic: denies urticaria, hay fever, frequent UTIs; denies HIV high risk behaviors



PART OF SPEECH TAGGER

OCULAR   COMPLICATIONS  OF  MYASTENIA  GRAVIS  .

AGGETTIVO

NOME

PREPOSIZIONE

NOME 
COMPOSITO

INTERPUNZIONE



CORPUS e ANNOTAZIONI

IN INGLESE:
• Brown University Standard Corpus of Present-Day 

American English (o Brown Corpus)
• Project Gutenberg
• Corpus of Contemporary American English (COCA)
• …
IN ITALIANO: ACCADEMIA DELLA CRUSCA!
https://accademiadellacrusca.it/it/contenuti/banche-dati-
corpora-e-archivi-testuali/6228
Esempio:
• LIS - Lessico dell'Italiano Scritto

https://accademiadellacrusca.it/it/contenuti/banche-dati-corpora-e-archivi-testuali/6228


PARSER

OCULAR   COMPLICATIONS  OF  MYASTENIA  GRAVIS  .

AGG NOME

PREPOSIZIONE

NOME 
COMPOSITO

INTERPUNZIONE

MODIFICATORE 
(agg)

MODIFICATORE 
(nome)

CASO



ESEMPIO

Il paziente è allergico all'aspirina, ma può essere trattato con 
paracetamolo.



DAL NLP ALL’INFORMATION 
EXTRACTION

• Categorizzazione dei sostantivi (persona, sostanza, entità geografica, …)
• Es: Adam Smith lavora alla NASA àAdam Smith = persona, NASA = 

azienda

Named Entity 
Recognition

• Riconoscimento del ruolo semantico
• Es: Adam Smith sta alzando la mano àAdam = agent; la mano=parte del 

corpo; alzare = azione

Semantic Role 
Recognition

• Identificazione delle relazioni tra le entità
• Es: Adam Smith lavora alla NASA àAdam Smith = persona, lavora per = 

relazione, NASA = azienda

Entity Relation 
Recognition

• Riconoscimento delle espressioni temporali
• Es: oggi, domani, settimana scorsa, 11 maggio, etc

Timex and Time 
Line Recognition

• Discriminazione degli omografi
• Es: Il bambino mangia la pesca vs Il bambino pesca la trota

Word Sense 
Disambiguation

• Comprensione della negazione
• Es: il paziente non presenta segni di infarto à infarto = assente

Negation Detection 
Identification



IL VALORE DEL TESTO LIBERO



Increased number of 
scientific papers published

New journals

Increased 
SCIENTIFIC  PRODUCTION

INCREASED KNOWLEDGE ?

THE INCREASING SCIENTIFIC 
KNOWLEDGE



The bibliographic research is essential to:

•Start the research (state-of-the-art 
evaluation/review)

•Create new answers to specific needs according 
to the available literature (new applications based 
on previous knowledge)

NEED OF BIBLIOGRAPHIC SOURCES

- PROMPTLY AVAILABLE

- RELIABLE

BIBLIOGRAPHIC RESEARCH



Web-based 
BIBLIOGRAPHY 

DATABANKS

Increased medical 
knowledge

Need of bibliographic 
research

Easy access and 
availability

BIBLIOGRAPHY DATABANKS



EXAMPLES (1/2)



EXAMPLES (2/2)



•It is easy to implement references databanks using available ICTs and web 
technologies

•Bibliography databanks refer only to quality information

•Scientific papers to be published need to be:

üPeer-reviewed to obtain the comments from expert colleagues

üIf the comments are all positive, the paper is accepted

üIf the comments are negative à

üRequest for paper revision (major/minor)

üReject 

üAfter the revision

üNew review

üDirect acceptance/rejection

INFORMATION QUALITY



•Journal name

•Publication date (volume, 
issue, pages)

•Authors

•Affiliations 

•Title

•Keywords

•Abstract 

•Body 

üIntroduction

üMaterial and 
methods

üResults

üDiscussion

üConclusions

•Acknowledgements 

•References

SCIENTIFIC PAPER ARCHITECTURE



THE SCIENTIFIC PAPER

Journal 
name

Citation

Title

Authors
Affiliations

Abstract

Information 
on acceptance



THE PEER-REVIEW PROCESS (1)



THE PEER-REVIEW PROCESS (2)



THE DECISION LETTER



PUBMED.GOV

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



PUBMED.GOV



THE NIH - NATIONAL INSTITUTES OF 
HEALTH



WHERE IS THE NIH

Bethesda



THE NIH CAMPUS



THE NATIONAL LIBRARY OF MEDICINE



NLM PUBLIC RESOURCES



•It is the mostly used databank in medicine

•The article is retrieved as citation (not “full text”)

•US National Library of Medicine (NLM, 
www.ncbi.nlm.nih.gov)

•Free access

•74% papers in English

•40% of the journals are published in the US

MEDLINE-PUBMED



MEDLINE/PUBMED



MEDLINE/PUBMED



MEDLINE/PUBMED



MEDLINE/PUBMED

• MEDLINE®

• National Library of Medicine® (NLM®) journal citation database.
• Started in the 1960s, it now provides over 21 million references 

to biomedical and life sciences journal articles back to 1946. 
• MEDLINE includes citations from over 5,600 scholarly journals 

published around the world.
• Publishers submit journals to an NIH-chartered advisory 

committee, the Literature Selection Technical Review 
Committee (LSTRC), which reviews and recommends journals 
for MEDLINE.

• The MEDLINE database is directly searchable from NLM as a 
subset of the PubMed® database as well as through other 
numerous search services that license the data. 



PUBMED

• Has been available since 1996 (now 23 mln references)
• Include the MEDLINE database plus the following types of 

citations:
• In-process citations, which provide records for articles before those

records go through quality control and are indexed with MeSH or 
converted to out-of-scope status.

• Citations to articles that are out-of-scope from certain MEDLINE journals
(general science and general chemistry journals)

• "Ahead of Print" citations .
• Citations that precede the date that a journal was selected for MEDLINE 

indexing and Pre-1966 citations.
• Citations to some additional life sciences journals that submit full text to 

PMC® (PubMed Central®) and receive a qualitative review by NLM.
• Citations to author manuscripts of articles published by NIH-funded

researchers amd Citations for the majority of books available on the 
NCBI Bookshelf .



PUBMED CENTRAL (PMC)

• Launched in 2000
• Free archive for full-text biomedical and life sciences journal 

articles. 
• Repository for journal literature deposited by participating

publishers, as well as for author manuscripts that have been
submitted in compliance with the NIH Public Access Policy 
and similar policies of other research funding agencies. 

• Although free access is a requirement for PMC deposit, 
publishers and individual authors may continue to hold
copyright on the material in PMC and publishers can delay 
the release of their material in PMC for a short period after
publication. 

• There are reciprocal links between the full text in PMC and 
corresponding citations in PubMed. 



MESH TERMS



•Definition of the research object

•Definition of the key concepts

•Definition of the type of reserach (free text or coded). 

•Boolean operators AND, OR, NOT to link the research 
keywords

•Use of the “limits/constraints”à

•Publication year

•Type of paper

•Paper language

•Availability of the abstract

•Free article

GENERAL RESEARCH PRINCIPLES



HOW TO FIND THE “FULL TEXT”

Redirects to the 
journal website



MACHINE LEARNING EXAMPLE

NÄIVE BAYES CLASSIFIER



MACHINE LEARNING EXAMPLE

from nltk.corpus import movie_reviews

# Total reviews
print (len(movie_reviews.fileids())) # Output: 2000

# Review categories
print (movie_reviews.categories()) # Output: [u'neg', u'pos']

[…]

print (classifier.show_most_informative_features(10))
'''
Output:

Most Informative Features
contains(outstanding) = True              pos : neg =     14.7 : 1.0

contains(mulan) = True              pos : neg =      7.8 : 1.0
contains(poorly) = True              neg : pos =      7.7 : 1.0

contains(wonderfully) = True              pos : neg =      7.5 : 1.0
contains(seagal) = True              neg : pos =      6.5 : 1.0
contains(awful) = True              neg : pos =      6.1 : 1.0
contains(wasted) = True              neg : pos =      6.1 : 1.0
contains(waste) = True              neg : pos =      5.6 : 1.0
contains(damon) = True              pos : neg =      5.3 : 1.0
contains(flynt) = True              pos : neg =      5.1 : 1.0

[…]


