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=] Introduction: Severity of the Problem

" According to World Health Organization, cardiovascular diseases claim 19.9 million lives
per year.

< Greater than 75% of these deaths victimize natives of low and middle-income countries.

v Heart attacks and strokes alone engulf 85% of such deaths.

" According to American Heart Association, most of the cases are addressable if detected

early.
>~
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=] Introduction: Challenging Problem Includes 3 steps 05

" careful examination of medical history

v~ performing focused physical examinations

v~ deciding which diagnostic system will provide a complete diagnosis
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% Review of Related Literature 07

" Recent scientific literature (Fig. 1) focused on designing artificially intelligent systems to
diagnose cardiac infirmity can be reviewed along four paradigms:
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Learning Algorithm

Quasi-Newton with 30 Hidden Neurons [11]
GRMN with 15 Hidden Neurons [10]

MNaive Bayes [8]

CAIM + NN [13]

Binary Artificial Bee Colony + Wrapper classifier [9]
Ensemble based on KNN-distances [15]
SVIM with Relief [7]

SWM [4]

4.5 [5] [EEEN

Majority Vote-based Ensemble [14] [of:rbly
Fuzzy-rule based CDSS [6] 0.6235

KNN + NN [12] 0.5919

0.9175
0.8900
0.8791
0.8778
0.8640
0.8500
0.8481
0.8416

Accuracy 0.2 0.4 0.6 0.8

TN 0175 Accuracy T

Fig. 1. comparison among related researches
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=] Review of Related Literature

" Nonparametric Machine Learning Algorithms

" Parametric Machine Learning Algorithms

v Neural Network-based Approaches

"~ Hybrid and Ensemble-based Approaches
.
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Proposed Methodology

,,u.,r Validation of Features | | Handling of Anomalous

UCI_Heart Repository.csv Outliers
1]
E Independent Sample t-test, Treatment as Unnatural
E Proving Influence of Continuous Outliers
£ Extraction of Features Features r I
— - Elimination of
g Outliers
=2 Univariate EDA , 1
' : Performing Outlier
@ Chi-squared Independence Test " Imputation
2 for Categorical Features ‘
s Bivariate EDA
Ty Treatment as Natural
= [ Outliers
<

Application of

Division of UCI Data Maintaining N e ith
atural Logarithm

Original Distribution

<+— Normalization of Input Features |4

[
o
= Determining the Performing Defining the Adding L2 VT Application
E Suitable NN Model L Xavier Cross Regularization eenvemagnel| of Adam
o | |and Hyperparameter Initializationto | | Entropy | to Objective e usina GD Optimizer to
-E Tuning Chosen Model Loss Function 9 GD
E
1]
N = =
'E Creation of Determination Validation of Results
% | | computation |—» of Metrlcs_frum
= Confusion
= Graphs - Verifying
© Matrix | Verifiying Impact :
c ; Effectiveness of
= . k-fold Cross of Qutlier O e
E’ 2 e 5 Validation *| Handling using E SerEis g
= Szl pllas (O One-sample t-test
E UCI Heart test.csv > b ANOVA
(§)
U Fig. 2. workflow for the proposed detection of a possible cardiovascular disease

HYTINNVSHY >

A -
TECHNOLOGY | ==

21/12/2019 4t International Conference on Electrical Information and Communication Technology

199§

jf



11

=) Extraction of Features using Exploratory Data Analysis

Number of heart-patients with corresponding age
7 ,

iy Ay 4

Fig. 3. age groups of heart patients with the size of bubbles representing the number of affected subjects
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=] Extraction of Features using Exploratory Data Analysis

Target
M not having heart disease
M having heart disease

200
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100
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S0
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et Fig. 4. comparative dispersion of maximum heart rate and resting BP in normal and diseased subjects
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=) Extraction of Features using Exploratory Data Analysis

Target
M not having heart disease
M having heart disease
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Chest pain type (Cp)
ltypicalingina 'atypi_calangina| non-angina | asymptomatic
72.73%

100 79.31%

50 27.27% 82.00% .
20.69% 69.57%
18.00% - 30.43%
U. - [ — — e L

count

Number of major vessels colored by fluoroscopy (Ca)

0 1 2 3 4
200 %
£ s R g
EmnEI%§§£§£££
o N o B R 8
Sex
female o male
55.07%
£ 100 75.00% 44.93%
0 oo g I
B — e o |
Slope of the peak exercise ST segment (Slope)
unsloping flat downsloping |
75.35%
. 100 65.00%
E 50 39.00% 24 65%
Normal or nature of defect (Thal)
normal fixed defect reversible defect
150 78.31%
"g' 100 76.07%
A . ° . . _ : _- : u_- : _
AUST Fig. 5. ratios of subjects portraying each level of chest pain, colored vessel, gender, slope and defect
£ g . . . . .
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=) Extraction of Features using Exploratory Data Analysis

Target
B not having heart disease
B having heart disease
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Excercise-
induced angina

negative 69.61% 30.39%

positive 23.23% 76.77%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Resting Electrocardiographic Results

100%
20% [ 28
¢ 5% %3 o s
E o
S
:_z 40% - gg
R 85 2 3
o xR O —
20% 2 3 = g s
0 aj @ ©
G
0% o
normal ST-Twave leftventricular
abnormality  hypertrophy
e Fig. 6. impact of ECG results and anginal pain among dichotomized subjects
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=) Validation of Extracted Features

TABLE 1
FINDINGS OF WELCH TWO SAMPLE T-TEST
continuous features t-score | degrees of freedom | p-value | Ho: g = p2 | Ha: 1 72 p2 |
age (years) 4.0797 301 - 5.78E-05 reject retain
max heart rate (bpm) -7.953 269.9 5.02E-14 reject retain
resting blood pressure (mmHg) | 2.5083 272.56 0.01271 reject retain
oldpeak (ST depression) 1.9386 215.68 l.11E-13 reject retain
serum cholestoral (mg/dl) 1.4948 298.03 0.136 retain reject
TABLE II
RESULTS OF PEARSON’S :{E-TEET
Pearson’s y~-test
discrete features x4 degrees of freedom p-value H, : no association | H, : association exists
chest pain type, target 81.686 3 < 2.2E-16 reject | retain
nature of defect, target 85.304 2 < 2.2E-16 reject | retain
major vessels colored, target 74.367 4 2.71E-15 reject | retain
slope, target 47.507 2 4 83E-11 reject | retain
resting ECG, target 10.023 2 0.006661 reject | reject

Pearson’s y~-test with Yates’ continuity correction

discrete features x4 degrees of freedom p-value H,: no association | H,: association exists
sex, target 22717 l 1.88E-06 reject | retain
exercise induced angina, target | 55945 1 1.45E-14 reject | reject
fasting blood sugar, target 0.10627 | 1.44E-01 retain | reject
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Proposed Neural Network
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=] Proposed Neural Network
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Fig. 7. the proposed 3-layer NN to detect cardiovascular disease
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=] Proposed Neural Network
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number of layers, neurons: Having just 303 examples, two hidden layers have been chosen
to preempt overfitting with as many as ten hidden neurons, to preclude underfitting.

learning rate, o A small learning rate of 0.001 was chosen to prevent overshooting
across minima.

regularization parameter, A: Inversely proportional to overfitting, this value has been set to 0.08.

number of epochs: Training through a large 200 epochs quantified the highest refined parameters.

size of minibatch: Minibatches of 64 tuples were used so as to not occupy a great share of
the primary memory as done otherwise in batch gradient descent.
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=] Description, Division and Distribution of the Cleveland
UCI Dataset

19

v the dataset contains 138 tuples (45.545%) of non-diseased and 165 tuples (54.455%) of diseased
samples

v we make an 80%-20% division of training and cross-validation data

v/  we assure a fair distribution of the tuples within the sets using R
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=] Treatment as Natural Outliers
¢

load data as a dataframe to primary

memory
manually identify class-specific outliers >_ manual
from univariate box-whisker plot operation

v ¥

load to primary memory existing fields
containing outlying data

: .

conditionally subset out class-specific manual
outliers Input

assign means of the continuous features
to the subsetted out vectors

v

assign the newly obtained vectors to the
initial dataframe

v

write to secondary memory the imputed
dataframe

( :op )

A
T~ Fig. 8. the algorithm for class-specific mean imputation of natural outliers
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Experimental Results and
Comparison
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=] Experimental Results

Outlier Handling Scheme

3-1 PN
3layer NN | 3-layerNN | 3-layer NN aYEr
. . . (outliers
(outliers (outliers (outliers
treated) tted) _ ted) naturally
untreate omitte impute logged)
AHE‘FEQE AHE‘FEQE AVE‘FEQE AHEFEQE

Fig. 9. comparison among proposed schemes’ average performance measures
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=] Comparison with Existing Literature

Learning Algorithm

3-layer NN (outlier naturally logged) O 8833

Naive Bayes [8] |0.

CAIM + NN [13] |0.8778

Binary Bee Colony + Wrapper classifier [9] 10.8640
Ensemble based on KNN-distances [15] :’_'

Fuzzy-rule based CDSS [6] € m
KNN + NN [12] [0.5919

proposed method vs. related work 0002 04 06 038

M proposed method

: _ Accuracy &
" reviewed literature

Fig. 10. a comparative analysis between our methodology and reviewed literature
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Conclusion and Future Plans

U
.' | 21/12/2019 4t International Conference on Electrical Information and Communication Technology



=] Conclusion

v The paper endorses exploratorily analytical feature filtering followed by effective
engineering of the dataset.

v The research intensely tested and verified all alterations in the outlier-handling schemes by
statistical tests—proving the need for noisy data-management.

v~ The study k-fold cross-validated its results, proving statistical consistency on test data,
giving an unbiased evaluation.
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=] Future Plans

v More mathematical mappings can be tried out to handle outliers

" This approach can be extended to more medical problems

v~ The study k-fold cross-validated its results, proving statistical consistency on test data,
giving an unbiased evaluation.
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