A convenient off-line method for detecting electrolyte bridgesin multichannel ERP recordings

INTRODUCTION

Technological advances have substantially
Improved the spatial resolution of ERP and EEG
scalp topographies, but demand precise and
reliable measurements of subtle differencesin
scalp potentials between closely spaced recording
sites. Leakage of electrolyte at the scalp/electrode
Interface has the capacity to effectively bridge
electrodes, particularly at vertically-aligned sites.
Such bridges cannot be detected with
conventional Impedance measurements, and may
lead to effects ranging from a subtle smearing of
localized activity to the introduction of
systematic, localized artifacts. We now
demonstrate an easy and objective offline method
for identifying el ectrolyte bridges.

METHOD

Hjorth Laplacian. The Hjorth algorithm
(Hjorth, 1980) is a method for computing a
linear approximation of the surface Laplacian.
The Hjorth waveform H.(t,N) is computed as
the difference between the time-varying
potential P,(t) at each electrode | and the scaled
sum of the potentials P,(t) at each of N
nelghboring electrodes:
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where the weighting factor W, ; for each
nelghbor Is proportional to the inverse of the
distance d, ; between the electrodes:
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This agorithm may be generalized to include
any number of neighboring electrodes.
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Intrinsic Hjorth. Theintrinsic Hjorth, a“beta’
feature of NeuroScan’s EDIT module (version 3;
NeuroScan, 1993), is avariation of the Hjorth Laplacian in
which spatial distance is replaced by a nonspatial
“electrical distance’” measure reflecting the el ectrical
similarity of electrodes (NeuroScan, 1995). For any pair of
electrodesi and |, apotential difference waveform P, (t)
may be computed as.

EQ. 3 P,_(0)= P{o) - P,(t

The “electrical distance” measure D, ; I1s defined as the
temporal variance of the difference potential waveform:
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The intrinsic Hjorth is produced by replacing d, ; of
Equation 2 with D; ;. In the case of a single neighbor, the
Intrinsic Hjorth waveform is identical to the difference
potential P, ;(t) for the nearest neighbors given by D, ;
Since the intrinsic Hjorth waveforms converge to zero as
any D, ; approaches zero (i.e., W, (t) converges to one as
the numerator and denominator of Equation 2 converge),
they will be distinct from all other channels whenever two
electrodes are bridged.

RESULTS

Figure 1. A) Averaged ERP waveforms from one individual
al 30 electrocap recording sites during an auditory oddball
task. Electrolyte bridges are between electrodes P7 and P9
(left inferior-lateral region), and between occipital sites O1,
Oz, and O2. B) Corresponding intrinsic Hjorth waveforms
computed for the single nearest neighbor, showing flat lines at
bridged sites.
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If signal amplitude varies linearly over distance
(e.g.activity volume conducted from alarge CONCLUSIONS
distant generator), proportionality would have

been better for standard deviation than for 1) Theintrinsic Hjorth provides a
variance(D, ;). However, for all cases with only : : r -
simple means for identifying

one neighbor, W,; =1, and H;(t,N)= P;(t). _
bridged electrodes.
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2) Theintrinsic Hjorth is
recommended as a routine screening
procedure for EEG and ERP data.

isignal = (chan #) * sin(t)

. _ all means=0
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3) Direct examination of D, ; values
—— may be sufficient for an automated
L2 3 4 s 6 78 detection procedure.

CHANNEL J

Distance from Channel 1

Empirical validation. Sample EEGSERPs were recorded with a conventional 30-channel electrocap
(see Tenke et al., 1993) and a 128-channel geodesic sensor net (Tucker et al., 1993). Bridges were
Inserted at selected adjacent electrodes. 1) by applying excessive amounts of electrolyte gel or
potassium chloride solution; or 2) ssmulated by replacing their data with the mean of the pair and
adding ssmulated digitizer noise to one channel (randomly changing the integer A/D values of the
raw EEG epoch viaa uniform distribution ranging from -1 to +1; .5 probability of change). The
Intrinsic Hjorth algorithm used the single nearest electrode (i.e., N = 1 neighbor in Equation 1).

127 126 —mre
[ZDuV
+
22 e 14—
[u} ns 1 s
18—y S e L =R W ol
26— P ST B i
1B =y s =
IEL e R T 10y s
2T e D ez
2A e B e 1 I mne
20 — e 1 e, =
— 25 A = .
28 1z 123 1= e 125 _

T T g I N LD |
— Wwii”ﬁ”wmﬂgﬁ“wm@ R Hjorth B. Am. J. EEG
R i N e e A Technol 1980; 20:121-132.
Tw AT T xw % Wﬂ;\'v:%ﬂf T m“‘:‘“ . .
S NeuroScan, Inc. Intrinsic
T T Hjorth transform. SCAN 3.0
T o technical note,
s T e T e (http://www.neuro.com/neuro
T e e T e g scan/hjorth.htm). Herndon,
e AN U, S A nogfhgee
e e T e L o v e VA" 1995
Wswwmwzw%i::f;awzwWwawﬂw;ﬁmww e Sl . .
e e e Tenke CE, Kayser J, Fong R,
e AT e T Leite P, Towey JP, Bruder
R e R GE. Brain Topogr. 1998;
Figure 2. A) Averaged Event-related potential (ERP) 10(3):201-210.
waveforms for 128-channel sensor net. A ssmulated bridge
IS at right central electrode sites (106/107). B) The Tucker DM.
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69/70) and right (i.e., 95/100) inferior-lateral sites, 163.

consistent with physical bridges



