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;,Queé es un estimulador cerebral profundo?

3 A\ Guia del estimulador
i i_‘ = cerebral profundo
Electrodos

Nucleo Subtalamico
Sustancia Negra
“— Cable de conexién

Generador de pulsos
implantable




;,Como es la cirugia?

* S6lo pacientes con patologia Parkinson muy concreta

e Estudio previo mediante imagen (Resonancia
Magnética) =2 objetivo: localizar Hipotalamo (STN)

* Planificacion de trayectorias (ambos hemisferios)
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;Estamos en la diana (terapeéutica)?

1. Frecuencia y amplitud de las senales de campo

e alfa, beta, gamma, delta, theta, kappa

2. Potencial de campo (LFP-Local Field Potential)

3. Analisis de espigas (pulsos, ‘spikes’)

* rafagas, amplitud, etc.



Procesado y analisis de senales MER

*Empleo de Inteligencia Artificial

* Obtencion del mejor algoritmo
* Proceso habitual para el aprendizaje maquina



DBScan
Ayuda
Datos trayectoria
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Beta rate as biological marker of the Parkinson Desease . Irregular neuronal activity of frequency / Energy Beta that we
can register by the unitary neuronal analysis (Model Hidden Markonv Of Alpha Omega ) Fig. 3 Or the method MTM Spectrum Of
the program DBScan Fig. 4
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Datos
*9 varones, 5 mujeres. Edad: 65,1 £ 5,6 anos
* Segmentos categorizados (etiquetados) por cirujanos

Patient STN-IN(L+R) STN-OUT(L+R) STN-IN(L+R) STN-OUT(L+R) Total

e 12kHz
AVEINERERE

* Solape 50%

e Pre-filtrado

number

#steps

#steps

seconds

seconds

seconds

20+NA
18+31
13+27
21+21
26+NA
15+NA
23+NA
22417
30+37
32+32
18+NA
30+30
29+25
NA+24

4+NA
1443
27+12
1149
15+NA
25+NA
7+NA
11426
8+4
15+13
19+NA
11+12
18+14
NA+11

959+NA
1354+1855
626+993
946+1114
1200+NA
941+NA
1632+NA
1229+1041
1248+1322
1147+1852
1024+NA
1415+995
1429+1119
NA+1129

134+NA
591+199
923+434
629+421
497 +NA
1528+NA
731+NA
454+1141
285+114
921+557
939+NA
380+416
548+640
NA +461

1093
3999
2976
3110
1697
2469
2363
3865
2969
4477
1963
3206
3736
1590

2974244

185+104

15150+11420

8560+4383

39513
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Extraccion de caracteristicas

*Espigas

Features Description

Spike Firing Rate (SFR) Count of spikes per second.

Inter Spike Interval (ISI) ) Time intervals between consecutive spikes in the spike sequence [23].

Standard deviation of ISI Standard deviation of inter-spike intervals ISI.

(SISI)

Pause Ratio (PR) Ratio of cumulative time of ISI greater than 50 ms to the cumulative time of ISI
less than 50 ms.

Pause Index (PI) Ratio of the number of IS] greater than 50 ms to the number of ISIless than 50
ms.

Bursting Rate (BR) Number of bursts per second.

Modified Burst Index (MBI) Ratio of the number of ISI less than 10 ms to the number of ISI greater than 10
ms.




Extraccion de caracteristicas
Potencial de campo

Features

Description

Bispectrum (Bs)

Zero crossing (Zc)

Curve length (Cl)

Integrator (In)

Root Mean Square (RMS)

Kurtosis (Ku)

Cumulative bispectrum (Cb)
Average Amplitude Change (AAc)
Short Term Fourier Transform (STFT)
Teager Energy (Te)

Average First Amplitude difference (AFa)
Second Amplitude difference (SAd)
Standard deviation (SD)

Skewness (Sk)

Slope Sign change (S5¢)

Variance (Va)
1D-Local Binary Pattern (LBP1)

The Fourier transform of the third-order cumulant spectrum [25].
Number of zero crossings in the temporal domain [24].

Sum of the difference of consecutive samples [27].

Sum of absolute value [24].

Root mean square [24].

Peakiness coefficient variation [28].

Cumulative relationship between the higher order moments [25].
Average value of all amplitudes [24].

Spectrum energy from each MER segment [29].

Energy rate induced from the second order differential derivative
of the amplitude and frequency variation [30].

Average of first amplitude difference [24].

Average of second amplitude difference [24].

Standard deviation [24].

Measure to quantify the presence of assymmetry in the shape of
the distribution [31].

Number of times that the slope of the MER curve changes sign in
the segment [24].

The signal’s averaged power [24].

Having the central segment as threshold, it is compared with its
neighborhood to generate binary code [[32], [33]].




Extraccion de caracteristicas

Bispectrum estimated vlia the direct (FFT) method
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Extraccion de caracteristicas

* STNOUT
* STNIN

Variance feature

10" scatter plot of all original MRE segments STN-IN and STN-OUT (1s)
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Reduccion de caracteristicas

* Método NCA (Neighborhood Component Analysis)
| Inicialmente 24 caracteristicas, se toman 11

*En este caso, principalmente, caracteristicas de
campo



Entrenamiento de |IA

* Entrenamiento supervisado
‘Dejar uno fuera’ -> ‘Leave one-out’

e Clasificadores analizados

* Maqguinas Vectores Soporte - Support Vector Machine (SVM)
» K vecinos mas cercanos — K Nearest Neighbors (KNN)
* Bosque aleatorio - Random Forest (RF)
* Arbol de decision - Decision Tree (DT)
e Analisis discriminante - Discriminant Analysis (DA)
* Redes neuronales - Neural Network (NN)
* Probabilistic neural network (PNN)

* Feed-forward neural network (FNN)
* Back-Propagation neural network (BNN)
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Resultados

Exactitud ML classifier KNN SVM RF

/ Accura Y The 'lllfeatures selected 99.9 100.0 999 998
All 24 features selected 99.8 999 095 999

100.C
99.8

PN N Patient Precision Recall Fl-score Accuracy

100 100 86.8 100 100

100 100 87.0 100 100

86.9 95.1 87.7 90.1 96.3
100 99.9 84.9 99.9 100

96.6 99.6 87.9 98.00 99.5
99.8 99.8 84.4 99,8 99.9
99.8 99.8 84.8 99.8 99.9
99.8 99.9 88.4 99.3 99.6
98.8 99.9 88.4 99.3 99.6
99.6 99.5 81.2 99.5 99.6
99.8 99.8 80.8 99.8 99.8
99.7 100 86.1 99.8 99.9
99.7 100 86.1 99.8 99.9
99.5 99.9 87.0 99.6 99.7




Proyectos

*Focos de epilepsia
* ‘bresencia’

e Dano cerebral
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