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PROGETTO

INTRODUCTION VSHARE

 Vascular events

 include acute coronary, cerebrovascular, and peripheral vascular events
« are the leading cause of premature death and disability in the developed
countries;

« Several studies proposed different risk factors for future vascular
events:
 anamnestic data;

« echocardiography test (Intima Media Thickness and Left Ventricular Mass
Index);

« and other instrumental measures (blood test, ...).

« Limited positive predictive value of the previously identified risk factors
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AN PROGETTO
m GOALS VSHARE

« Goal of the SHARE Project is to develop a system to automatically assess
the risk of cardiovascular events

* In this study, we presents classifiers to:
» predict future vascular events (within one year from recordings);

« adopting analysis of Heart Rate Variability (HRV);
« using an ad hoc database of ECG holter signals from hypertensive patients;
« using data-mining methods
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AN PROGETTO
SHARE

SAMPLE DATA and HRV

®* Ad hoc database of hypertensive patients:

» 142 subject aged 55 and over (1 year follow-up)
» 17 experienced a major vascular event
125 free of vascular event

* HRV linear and non-linear analysis

Table 2 Selected frequency domain measures of HRV

S, 52 [ms]  The standard deviation of the Poincard plot perpendicnlar to (S01) and along {(S12)
— the line-of-identity o
ApEn Approximate entropy
HampEn Sample entropy
. L i Correlation dimension
o 5 DFA Dretrended Muctuation analysis:
s ey Short term fuctuation slope
= oy Long term fluctuation slope
E RPA Resmurrence plob analysis:
Lmean [heats] Mean line length
Lmax [heata] Maximum line length
) REC [%] Hecurrence rate
o ettt e DET (5] Determingsm
ShanFn Shannon entropy
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m FEATURE SELECTION AND /M :oc:iio
CLASSIFICATION P SHARE

 Long-term recording (concurrent analysis of all 30-minute segments)
* Principal Component Analysis to extract the most informative features

« RUSBoost, hybrid classification method (Undersampling and Boosting)
to handle unbalanced dataset

« subject-based ROC curve analysis and 10-fold person-independent
crossvalidation to estimate performance:
 accuracy (ACC);
* sensitivity (SEN);
* specificity (SPE);
 area under the curve (AUC).
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m FEATURE SELECTION AND /M :oc:iio
CLASSIFICATION P SHARE

« Short-term recording (analysis of a 30-minute randomly chosen segment)

 Oversamplig (SMOTE) to handle small and unbalanced dataset

« Comparison of different data-miming approach:
« Naive Bayes classifier (NB);
« Classification tree C4.5;
 Random Forest (RF);
« AdaBoost (AB);
« Support Vector Machine (SVM);
« Multilayer perceptron (MLP).

« ROC curve and 10-fold crossvalidation to estimate performance:
 area under the curve (AUC);
 accuracy (ACC);
* sensitivity (SEN);
* specificity (SPE).
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CLINICAL FEATURES A rociiio
OF THE STUDY SAMPLE

W SHARE

Low-risk subjects | High-risk subjects

71.4+7
41 (33.6)
41 (33.6)
10 (8.2)
35 (28.7)
18 (14.8)
76.3+9.1
136.6+19.5
175.7+35.1
2.3+0.7
130.1+26.1
59.3+10.9

74.146.5
8 (47.1)
7 (41.2)
3 (17.6)
5 (29.4)
3 (17.6)
73.5+8.4

141.7+23.5

182.9+42.7
2.4+1.1

140.2+25.1
57.8+13

No significant differences in the baseline clinical features
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m CLASSIFICATION /M ::oc:io
PERFORMANCE W SHARE

Long-term recording analysis

Comparison of ROC Curves
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m CLASSIFICATION /MM roceTo
PERFORMANCE W SHARE
Short-term recording analysis
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Short-term
recording analysis

NOl

Depressed HRV associated with High-Risk classification
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PROGETTO

DISCUSSIONS VSHARE

 Good results in automatic risk assessment of future vascular events

» Most previous studies focused on risk factors and not on predictive
models;

» Few study focusing on HRYV prediction of cardiac mortality in patients
after acute events (acute coronary syndrome, acute myocardial
infarction)

« LVM and IMT are considered as powerful predictors of vascular events;

 HRV-based classifiers showed better prognostic capacity compared with
LVM and IMT

e Limits of this study:
« Small sample size (no independent dataset for model selection
evaluation)
« Short follow-up length (twelve months)

« Singh A and Guttag JV (2011) A comparison of non-symmetric entropy-based classification trees and support vector
machine for cardiovascular risk stratification. Engineering in Medicine and Biology Society,EMBC, 2011 Annual
International Conference of the IEEE. pp. 79-82.
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omimon concLusioNs Qg s

 We developed arisk assessment system for future vascular events
within 12 months from the recording
« completely automatic;
* using HRV analysis;
* based on data-mining methods including intelligible model (i.e.
classification tree / if-then rules).

* Further developments:
« Larger dataset
» Longer follow-up period
 New / other HRV indexes (i.e. point process time-frequency analysis)
» Other non-invasive measurement
 Integration in a web application (SHARE project web portal)
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