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The Challenge:
(How) Can Signal Analysis
Contribute To Quality Assurance?

« Task: Automatic and simple standard analysis of
spontaneous electrophysiological activity

e Ensuring and controlling primary signal quality
— Noise-level adjustment &

o Stable algorithms for network firing pattern analysis
— Temporal structure:
— Spatio-temporal structure:

: Pearson’s r, Cohen’s kappa
. fraction of empty bins

Aim: Reproducible guantification of drug effects
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The Software Tool
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Batch Mode: Raw data files in = Analysis out
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Digital High Pass Filtering
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remove low-frequency artifacts
but retain true spike shape

cut-off frequency close to zero: instability

linear phase high pass FIR-filter
Parks-McClellan: weighted Chebychev approx.
passband 400 Hz -4 dB
stopband 100 Hz -12 dB

Parks-McClellan Remez

e AIm:
e Problem:
e Design:

Magnitude (dB)
Lh

10+
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High Pass Filter: Example RES“”"I
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Burst Detection resur (D)
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Burst Detection

 Heuristical Method ?

Minimurm duration of a burst

10ms)
{ Minirnurm numkber of
Maximurn interspike | Spikes 'Q a burst
intereal ina burst (3
r300ms) -
%

i
Maxirmum intenal
at start of a burst

(170ms)

Minimurm interval between
hursts (200ms)
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Burst Detection @~ Resuor W%

e Pseudo-Integration ?

RC-pseudo-integration:

A?’l — A + An_le_k(tﬂ_tn—l)
A = A1 =25
k. = 0.0253 sec
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Burst Detection @~ Resuor W%

String Method ?

String method:

burst = vertical string of spikes
Ns = min. # spikes in burst
ts = max. ISIin burst
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Burst Detection Resutr ¢ o
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o Statistical Method: Surprise ?

S(n, At) —In Pp,;sson (# SPikes during At > n)

n—1 ToT\E
o fa OIS o]

|
h—0 k!

Actual spikes are closer than uncorrelated (Poisson) train.
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Burst Detection @~ Resuor W%

L There Is |

(Beauty is in the eye of the beholder — we

cannot )
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Bursts By Surprise...  Reswr %

Find 3 spikes closer than ISI, with
Surprise S; > S, compares with Poisson process
Add spikes as long as S, increases (within tolerance tol)

Remove spikes at start of burst as long as S, increases

(8@
P(r=t3—t1,n>3|rg) = ) i,((fe, —t1) -rg)" exp(—(t3—t1) - rg)
n—an!
oc
Spn = —1In Z p(r =tn —t1,k|rg)
k=n
Sp > tol -5,

Sn > S‘.rm'.n
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Burst Definition p——)
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Surprise

10

,BY Surprise”

\
S(n=3, Dt * MFR)
Surprise =-1In ( 1- I:‘Poisson ( Nspikes<3 ) )
=2.522 < Dt = 1Sl
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The Synchrony Problem RES“”"I

Channel [nr]

Blow-Up: 0.5 sec
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The Synchrony Problem

Synchrony of activity

— on which ?
o O(ISk, purst) 10 ms
e O(Dpyre) 100 ms
« O(B - IBI) 100 — 500 ms
o O(IBI) 1-5-20 sec
— across an ?
— between ?
— bin necessary
— time scale D << IBI

Synchrony parameter ?
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_Synchrony: | m
Fraction Of Empty Bins ~"7

Project spikes down onto virtual channel

[T
[ Jl 111

Channel

I |
Y ——

B, =4 bins w/ bursts +
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... Fraction of Empty Bins reser %
Calculate ratio B./(B,+ B) ,perburst*
|Bl-adapted bin-width : D=0RB<IBI [3fixed

spike-free time

Syn = :
length of recording
B_
— = 1-3-{(1.54+D+A)
B
D> D ; no single spikes; [3=0.1: Syn =0.85

3=0.02 Syn = 0.97
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Correlation: Dichotomy *®
Distinguish only empty and full binsin T:

Dichotomy Ngpikes(D) =0 o0r 1

Analysis window represented by binary sequence

bin # 123456. .. .......... ... T
s, =13 001101000010010111010000011101000

s, =11 001100001010010111000000001101000
c,,=10 001100000010010111000000001101000

b number s,, s, of bins D with Ng;.(D) >0
coincidence countc,, of bins D, with spikes on both channels
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4 types of bins:
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Regression
(0,1) (1,1)
(0,0) (1,0)

N, ;=Cy,

N; ¢=S:-Cy5

% > S,

Minimize mean square
deviation of data from
regression line.

Pearson'‘s correlation
coefficient r measures
goodness of fit.

3 @i - 2w - 9 S

Qg

Y (z; —2) El{;'sr'i — ) \/SmS“
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Correlation: _RESUL, 1)‘

Pearsonis R MMMMMMMMMMMMMMMMMMMMMMMMMM

T
> (zp —z)(yp — 9)
k=1

- T
\“E (mk—i)zl [gz(yg—fy)?
k=1 =1
_ c1p —s1-82/T
V51 (1 —s1/T) 52 (1 = s2/T)
reo = lim r= 212 coincident spike

Tmeo  W/S1082 | fraction
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Fourfold Table: —
Chi-Square Statistics

Cramer's Phi

> (Ng.o-N11—Ng1-Ni)?
Ng,. N1, -Nog-N_1

2
> = ;‘r_ equal to Pearson‘s r

c12 — 81 - 82/T

V81 (1 = s1/T) - 52 (1 — 52/T)

F oo = Mmax <1 except for s,=s, !
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Fourfold Table:
Cohen’s Kappa

PO = Pe+ﬁ3‘(1—P6)

Coincidence proportion p, =
chance expected coincidence

coincidence

+
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Cohen‘s Kappa

proportion in
excess of chance
PO — pe@(l—pe)
- Noo+ Ni1 » _ N.1Ni .+ NoNo
0 TW e T
J— PO — Pe _ 5. T:-c10— 8182
1 — pe T-(s1+s2)—2-51-82
2.N
Koo = lim k = 1,1
T—oo 2-N11+Nipg+ Nga
_| 2-c12 coincident spike
51+ s2 fraction
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Channel

Complete Synchrony
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4 6 8 10
Time [s]
Sq =S, =S
Co = S
r =k =1
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Partial Synchrony
Equal Firing Rates

Channel

RESULT ol
ZINISCHE ANALYSEVERFAHREN GMBH

MED!

0 2 4 6 8 10 12 14
Time [s]
Sl — 52 — S
C12 — aS
r =k = a
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Partial Synchrony RESULT _ o)

MED!

Different Firing Rates
E |
S | | (.
Time [s]
S; =0 S S, = S (1)
Cip= S
r = gl2 k =2/(1+9)
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hNT2 Neurons: r and k RES““"I

hNT2 Neurons: Pearson’s r & Cohen's Kappa

o ] hMTZ Meurans
g s n an Ch 36 & 57
e -_‘_':=.'- - n 5 W Pearson'sr
g =t i 50 —&— Cahen'z ¢
i u ‘.J._.n I’,‘: s
= - =
ET) I'" o 040 -
= o 5 0 i3
S E oo
o2 4 hMT2 Neurons =3 WY
n R /‘ Ch. 26 & 36 w NS
g ; = Pearsoh's b g nom
= i & Cohen's r W &
rft & non
nas ] 4___._.-‘ LI
. -
010 —a- s aa—aglE -

Bin Width a[ms] Bin Width 4 [ms]

Dependency of correlation parameters Pearson’s r and Cohen's k on
bin-width A [ms] for hNT2-neurons(chip #4733).

Left panel: 2 strongly correlated, spatially neighboring channels (26
and 36). Right panel: 2 weakly correlated channels (36 and 57).
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# bins
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CryOce”S: Sl’ SZ’ C12 RESULT "\)l

600 - 600 — CryoCells
Ch 56 & 66
—8— 51
500 —#— Coincidence Count 500 oS82
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e
300 - 07*0‘0’0~0..\ u o 3004
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CryoCells: r and k
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ch

IBI []

#sp/ burst | # spikes | ISI [ms]

Burst duration [ms]

56

5,8

17+11 579 22,4

361 + 185

58

6,6

10+5 308 13,4

118 + 39

66

11

8+2 131

13,6

97 + 25
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Correlation Caveats |  resur -

For fixed ratio of coincident spikes c,,/s
r-values between c,,/s and c,,/s - 1 are possible.
Correlation r falls with increasing s/N .

c1o0 — 81 - 82/T

V51 (1= s1/T) - s (1 = s2/T)

_ Too—\/@/T
V(@ =s1/T)- (1 —s5/T)

Too — S/ T
> / for equal firing rates
1—s/T
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Pearson'sr

o
&

o

-0,5

Correlation Caveats |

For fixed ratio of coincident spikes c,,/s
r-values between c,,/s and c,,/s - 1 are possible.
Correlation r falls with increasing s/N .
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0,8
cl2/s=|—0,6
—0,4
\
( 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
s/N

\
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Correlation Caveats ||  resur W

Average correlations of N (N+1) / 2 channel pairs:
of different r-values?
of s,, s, and c,, data?
prior to averaging?

Average correlations:

5 N(N+1)/2

Fisher's z/{ . ransform

2 = /Nyims — 3-1In (“”') /2

1 —17r
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Synchrony vs. Correlation Resvr %

Cryopreserved cortex neurons: 2 X reference & 1 x Ach, alternating

Synchrony —®—Pearson'sr —#—= Cohen's kappa

1,2

Acetylcholine And :
Effect On Synchrony And Correlatlon

A A

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

July 8, 2004 SIMEA 2004 - Reutlingen 34




RESULT o
MEDIZINISCHE ANALYSEVERFAHREN GMEBH

(How) Can Signal Analysis
Contribute To Quality Assurance?

o Parameters for quantification of drug effects on
spatio-temporal structure of neuronal firing are in
principle available.

e (Semi-) automatic analysis can be implemented.

e Need for and
MEAS !

 Real-life tests of pharmacological substances?
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