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Introduction:

» Information extraction system is essential in healthcare due to the following issues,
— Structured Corpus Preparation
An automated annotation system development
Ontology design for medical concepts
Medical concepts and its related features extraction
Understand the knowledge-based information for the medical corpus

» A domain-specific lexicon is important to build an automated information extraction
system




Introduction:

» A lexicon provides the following information to recognize the contextual knowledge
from the medical corpus
— Medical concepts (e.g. Abdomen, Mass)
— Linguistic Features
» Category
« Parts-Of-Speech (POS)
» Gloss (Descriptive Defination)

Conceptual Features
« Affinity score (relation between a pair of concepts)
 Gravity score (relation between concept and its gloss)
Sense-based Features
 Polarity score
« Sentiment
« Similar Sentiment Words (SSW)




Challenegs:

» Unavailability of structured corpora

» It is challenging to find an annotated dataset, which combinedly labels the
fundamental categories of medical concepts such as Diseases, Symptoms, and
Drugs

» lsolation of general concepts and medical concepts are difficult

» Disambiguation of polarities of the medical concepts

» Hard to recognize similar types of diseases or symptoms of a particular disease or
symptom




Motivation:

» Development of Structured Corpus

» Medical concepts and related information extraction

» Enrichment of our previously developed medical lexicon (WME 2.0):
» Enhance more number of medical concepts
» Recognize the existing features of WME 2.0 for the additional medical concepts
» Additional category assignment for medical concepts




Motivations:

<Txml version="3.0" encoding="UTF-3" 7>
- <Medical Concepls>>

BAb200080200  RADIOLOGYREPORT  Exam: MRIHdwolw HORM
15Feb 2000 Pathology Report Indications:u tumor
Requested By Todd, Leslie (GTe9-3109) ORIGINALREPORT - 2-Feb-2000 123800
MAI ofthe head without and vith gadol Vandng, patialy s partaly soid
TS DB(RI’TIOH:' ) mas within the posterir e ing pproi is-tmhamf:m:nnu
Tissue from the left brain (0/-10; 1.3x 12 x 04 emin aggregate) been o b iy 0 e hghrdeglos. A e s n g 2705,26m
SE03-682919 simiarappeating mass in the anercr right temporal Icbe and 3 more infikratveappearing s,

<Tifl e=amne s a< Title>
- <Propertiz <>

DIAGNOSIS: involving the right thalamus, measuring approximately 22x2xicm which demonstrates bilobed near-
sid Therei ingi ignal withinthe rg i

Brain, left frontal, sterectactic biopsy 0/-10: Grade 4 (of 4)small cell astrocytoma.
(Seenwith Kim . Turner and Lee B. Sayer)

Immuno histochemical stains were peformed on paraffin sections. Neoplastic cells stain with
antibodies to GFAP and to $- 100 protein focally. These findings support the above diagnosis.

17Feb 2000 Green, Cody

PRELIMINARY FROZEN SECTION CONSULTATI(
Brain, left, stereotactic biopsy 0/-10: Grade 3

appears worrisome for a developing lesion, There are afew patchy areas of satelite echancement seen
rltothe ion bestseen on hecoondl imges. g econs
with multicentric glioma. The right thalamic lesion appears sightly more prominert than on prior CT

from left to right Partial effacement of the frontal horn of the left Iateral ventricle. The right thalamic
lesion results in mild mass effect upon the body of the right Iateral ventride. The right temporal lobe
lesion results in localized mass effect with effacement of multple right temporal lobe suki The basitar

<POS>noun< POS>
<Categony>disease/Category>
<Glos>Loss of memorysomefimes ncluding the memory of
personal identify due to brain injury; shock, fatigue, repression,
or illness or sometimes mduced by anesthesta </ Gloss>
- <33W and Affinity score>
blackout (0.674)
memory loss (0.334)
sfupor (0.429)
fogue (0.343)
</§5W and Affinity score>
<Polarity score> - 0.375<Polarity score>
<Gravityscore>).170< Gravity score>
<Sentiment-negative3entimeant-
</Properties>

</Concapt




Motivation:

<Txml version="3.0" encoding="UTF-3"7>
- <Medical Concepis®>

<Tifl=>amnesa< Titls>
- <Propertie <>
<POS>noun< POS >
<Category>disease</Categony>
<Gloss>Loss of memory sometimes includng the memory of
personal identity due to brain injury, shock, fatigue, repression,
ot illness or sometimes induced by anesthesia</Gloss™
- <33W and Affinity score>
blackout (0.674)
memory loss (0.334)
stupor (0.429)
fugue (0.343)
<SSW and Affinity score>
<Polarity score™ - 0.375<Polarity score>
<Gravityscore>0.170- Gravity score>
<Sentiment-negatve</Sentiments
< Properiies™
<Concapt>

O

Hundreds of foods and plant-based fiber products are available to relieve constipation naturally .

sounding asifthe ~ nose  were pinched .

Huran rteny

—> abnormal dryness of the conjunctivaand  corea

Disessel ~ [Disease
of the eyes; may be due to a systemic deficiency of vitamin A,

Disease!
Giant cell interstitial pneumonia ( GIP ) is a rare form of pulmonary fibrosis .

Annotated Corpus




Previous versions of WME




Seed list and Useful resources for the previous versions
of WME:

»SemEval 2015, Task-6 Trial and Training Datasets
»Pre-processed English Medical Dictionary

» Conventional WordNet

» SentiWordNet

» SenticNet

»Bing Liu subjective list
»Taboada’s adjective list




“Lexical Resource for Medical Events: A Polarity Based Approach”. A Mondal, | Chaturvedi, D
Das, R Bajpai, S Bandyopadhyay. 2015. IEEE International Conference on Data Mining
Workshop (ICDMW), 1302-1309.




WME 1.0 Lexicon:

» Total number of medical concepts: 6415

» Parts-Of-Speech viz. Noun, Verb, Adjective etc.
» Gloss: Descriptive definition

» Polarity score: ranges from -1 to +1

» Sentiment: positive or negative




Sample output of WME 1.0 Lexicon:

<?xml version="1.0" encoding="UTF-8"7>
- <Medical Concepts>
- <Concept>
</Concept>
- <Concept>
<Title>abdominal_cavity</Title>
- <Properties>
<POS>noun</POS>
<Gloss>The cavity containing the major viscera; in mammals
it is separated from the thorax by the diaphragm.</Gloss>
<Polarity score> - 0.500</Polarity score>
<Sentiment>negative</Sentiment>
</Properties>
</Concept>
- <Concept>
</Concept>
</Medical Concepts>

“Lexical Resource for Medical Events: A Polarity Based Approach”. A Mondal, | Chaturvedi, D
Das, R Bajpai, S Bandyopadhyay. 2015. IEEE International Conference on Data Mining
Workshop (ICDMW), 1302-1309.




1. “WME: Sense, Polarity and Affinity based Concept Resource for Medical Events”. A Mondal, D
Das, E Cambria, S Bandyopadhyay. 2016. Proceedings of the Eighth Global WordNet
Conference, 242-246.

2. “Employing Sentiment-based Affinity and Gravity Scores to ldentify Relations of Medical
Concepts”. A Mondal, E Cambria, D Das, S Bandyopadhyay. 2017. Proceedings of the IEEE
Symposium Series on Computational Intelligence (IEEE SSCI 2017) Conference, Honolulu,
Hawaii, USA.




WME 2.0 Lexicon:

» Total number of medical concepts: 6415

» Parts-Of-Speech viz. Noun, Verb, Adjective etc.
» Gloss: Descriptive definition

» Polarity score: ranges from -1 to +1

» Sentiment: positive or negative

» SSW: Similar Sentiment Words

» Affinity score: ranges from 0 to +1

» Gravity score: ranges from -1 to +1




Sentiment based Relational Features:

» Sentiment based relations help to identify the hidden links between medical concepts

» It also assists in recognizing the proper link between various concepts and their
different source of glosses

» The proposed sentiment based relational features are Affinity score and Gravity score




Affinity Score:

» Affinity refers to the linking between pair of medical concepts by determining
sentiment from their common Similar Sentiment \WWords (SSW)

» Affinity score is obtained by a probabilistic count of similar sentiment-based
concepts as shown in Equation 1 and 2,

First, we define the overlapping SSW of each concept pair as

Affinityc = MC1 N MC2 (1)
where MC1 and MC2 represents SSW sets of two different medical concepts and the
Affinityc implies the number of common SSW of MC1 and MC2.

Finally, Affinity score for a concept (MC1) is
Affinity Scorec = Affinityc / (MC1 + MC2) (2)




Affinity Score:

»(a) 4 common SSW breathing, respiration, ventilation, and external respiration are
determined for the concept pair of abdominal breathing and hypopnea out of total 8
SSW, resulting in affinity score Affinity Scorec = 0.500

»(b) 3 common SSW breathing, ventilation, and external respiration out of total 12
SSW with respect to the pair abdominal breathing and wheeze and it provides Affinity
Scorec = 0.250 that indicates finite but weaker relations of the pair in (a).

Common SSW: breathing, respiration,
ventilation, external respiration
Affinity score: 0.500

Concept: )
abdominal_breathing ?\Ioncgpt. f}yggs\r;.ej
Number of SSW: 4 umber o :

Common SSW: breathing,
ventilation, external respiration
Affinity score: 0.250

Concept: '
abdominal_breathing I\<|30n<t:)ept.fwshée:,a\feg
Number of SSW: 4 umber o z




Gravity Score:

» Gravity presents the relevance of sentiment appeared between a medical concept and
its glosses.

»Gravity score confirms whether a gloss (or contextual information) pertaining a
medical concept appropriates or not.

In order to achieve gravity score, we first consider the polarity score of each word in
glosses and is denoted as Polaritygc.

Secondly, we calculate the gravity score Gravitygc for each medical concept which
aims to determine the sentiment relations with the attached gloss by considering the
polarity of medical concepts Polarityc.

Gravitygc = Polarityc x Polaritygc (3)

The final gravity score is then simply as,

Gravity Scorec = Y Gravitygc, i=1to N (4)




" Gravity Score:

» The medical concept sickness with the polarity score Polarityc = -0.619 is given with
its gloss along with the medical concepts of WME 2.0 and represented in blue color
whereas all others are shown as red.

»Every word is provided with its gross polarity Polarityge as mentioned in the
parenthesis.

»The score is assigned by the corresponding lexicons, e.g., the scores of medical

concepts are collected from WME 2.0 and the others from either SenticNet or

SentiWordNet.

Concept: sickness
Polarity score: -0.619

N
. . ) Gloss: Impairment of normal
Sentiment lexicons: physiological function affecting

WME2.0 part or all of an organism.
SenticNet

SentiWordNet Gravity score: -0.092

v

Impairment (-0.5) of (0.0) normal (0.375) physiological (0.125) function (0.0)
affecting (0.125) part (0.0) or (0.0) all (0.0) of (0.0) an(0.0) organism (0.024) .




Saple output of WME 2.0 Lexicon:

<?xml version="2.0" encoding="1TTEF-83" 7>
- <MhEdical Concepts>>

= T1itl e=amme =1 a~Titl=>
- <Properbies>
PSS Fnoun~< BOSs =

<Gl os=>Loss of memory some bimes mcluding the memory of
perzonal wdentity due to brain injury; shoclk, fatoue | repression,

ot illness or somebmes induced by ane sthesia <Gloss>
- <33W and Affimiyscore>™

blackout (0.674)
memory loss (0.534)
stupor (0. 4207
fugue (0.345)
=S5 W and Affinity score>

<Polarity score> - 0.373</Polan ty score>>

<Grawvity zcore=0 170 Gravity score>

< Sentmentsnegahve</Senttment>

< Propertes>
< Concept>
- <Concept™>

</ Miadical Concepiz™

“WME: Sense, Polarity and Affinity based Concept Resource for Medical Events”. A Mondal, D

Das, E Cambria, S Bandyopadhyay. 2016. Proceedings of the Eighth Global WordNet
Conference, 242-246.




WME 3.0 Building




WME 3.0 Lexicon:

» Medical ontology based resource preparation

» Total number of medical concepts: 10186

» Parts-Of-Speech viz. Noun, Verb, Adjective etc.
» Gloss: Descriptive definition

» Polarity score: ranges from -1 to +1

» Sentiment: positive or negative

» Category: Diseases, Symptoms, Drugs, Human Anatomy and MMT
(Miscellaneous Medical Terms)

» SSW: Similar Sentiment Words

» Affinity score: ranges from 0 to +1

» Gravity score: ranges from -1 to +1




Additional Medical Concepts Identification:

» Two resources namely WordNet and MedicineNet assist in enhancing 3771 number
of medical concepts with WME 2.0

» Recognize features viz. POS, gloss, SSW, polarity score, sentiment, affinity score
and gravity score for these additional concepts using following resources and
machine learning approaches

» SentiWordNet

» SenticNet

» Bing Liu subjective list

» Taboada’s adjective list

» A preprocessed medical dictionary




Category Assignment to Medical Concepts:

» Assigned categories are diseases, symptoms, drugs, human anatomy and
Miscellaneous Medical Terms (MMT)

» WME 3.0 assigned features of medical concepts help to assign the category of
medical concepts in the presence of two well-known classifiers

» The classifiers are Naive Bayes and Logistic Regression




Sample output of WME 3.0 Lexicon:

=<Trxml wversion—="3.0" encoding="UTE-8" 7>
- =M dical Concepts>
- < oncept™

< MConce pi=
- < Concept™>
< Tt eamne s a<Titla>>
- <Froperbes>
< PSS noun<y PS>
<Category-dizeaze ' Categ ooyt

<3 o==>Lo=sz of mem ory some imes including the mem oy of

perzonal identity due to brain injury; shock, faboue | represzion,
or illnes= or sometimes mdoced by ane sthesia </ Gloss™>
- S3W and Affinity score>
blackout (0.674)
memory loss (0.334)
stupor (0. 429%
fugue (0.345)
</33W and Affmity score>>
<Polarity score> - 0. 375 Polanty score>
<Grawvity zcore>0 170 Gravi by score>>
= Sentiment-negadwve=JS5ennment>
= /Properiies>
< once pt-
- <Concept™

< Concept>
< Iiedical Concepts>




A comparative study between all three versions of WME:

Uni-gram 2956 2956 3722

Tri-gram 1762

Verbs 2056 2056 2352

Positive (>=1) 2800 2800 3227
Sentiment and




Continue..

O0to 0.5 4325 7177

Less than zero 2320 3783

Grater than zero 3363 4442

Drugs 3390

Human anatomy




Evaluation




»We have conducted an agreement analysis with the help of two manual annotators to
evaluate WME 3.0 lexicon

» The manual annotators are medical practitioners
» The agreement score (k score) has been calculated using the following equation,

Pr(a)—Pr(e)
1—-Pr(e)

where, K is the cohen's kappa agreement score
Pr(a) is the observed proportion of full agreement between two annotators.

Pr(e) is the proportion expected by a chance which indicates a kind of random
agreement between the annotators.




Validation of overall WME 3.0 lexicon:

Annotator-2 Yes 8629 189

Cohen's Kappa score (k) = 0.79




Validation of individual features of WME 3.0:

Yes

8778 93 0.89

Annotator-2 Yes 9229 52 0.91

Yes 8805 97 0.88




Continue..

Yes

8767 137 0.82

- ---
Annotator-2

Yes 8727 67 0.92

Sentiment




Validation of individual categories of WME 3.0:

Yes 2794

Disease (3243)

Yes 1214 14 0.87

Yes 2922 34 0.88

Drug (3390)




Continue..

Yes 196 2 0.90

Human anatomy (227)
Annotator-2 ---

Yes 1652 12 0.91

MMT (1917)




Conclusions




Conclusions:

» An enriched version of a medical lexicon viz. WME 3.0

» Category assignment for Medical concepts

»Various syntactic and semantic features extraction for medical concepts
»WME 3.0 may help to reduce the gap between medical experts and non-experts

> Assistance to prepare an annotated corpus
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