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Abstract

Objectives: The objective of this study is to test the hypothesis that the immature human brain exhibits slow electrical activity that is not
detected by conventional (i.e. high-pass filtered) electroencephalography (EEG).

Methods: Six healthy preterm infants (conceptional age 33—-37 weeks) were recorded bedside with direct current (DC) EEG during sleep.
Epochs with quiet sleep were selected to study the delta frequency bursts during discontinuous EEG patterns (trace discontinu or trace
alternant), and we compared the waveforms obtained without filtering (i.e. genuine DC-EEG) to those seen after high pass filtering of the

same traces.

Results: In all infants, DC-EEG demonstrated that the typical delta frequency bursts are consistently embedded in very large amplitude
(200-700 wV) and long lasting (1-5 s) occipitally negative transients, which are not seen in conventional EEG.

Conclusions and significance: Our study demonstrates that (i) the most prominent spontaneous EEG activity of a sleeping preterm infant
consists of very slow, large amplitude transients, and (ii) the most salient features of these transients are not seen in conventional EEG. Proper
recording of this type of brain activity by DC-EEG provides a novel way for non-invasive assessment of neonatal brain function. © 2002

Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

A major feature of electroencephalographic (EEG) activ-
ity in the immature brain is the abundance of slow activity,
which is gradually replaced by higher frequencies (Scher,
1998; Watanabe et al., 1999; Lamblin et al., 1999; Nieder-
meyer, 1999). Due to high-pass filtering (usually at
0.5 Hz), conventional clinical EEG distorts slow activity
patterns and hence leads to a change in their visual appear-
ance. Slow EEG events can be faithfully monitored with
direct current (DC) stable electrodes and a DC-coupled
amplifier, which enable recordings with a bandwidth begin-
ning from 0 Hz (Bauer et al., 1989; Speckmann and Elger,
1999). So far, no DC-EEG studies have been published on
human infants. This study was set out to test the hypothesis
that the immature human brain exhibits slow activity that is
not detectable with conventional EEG. We analyzed speci-
fically discontinuous EEG patterns (trace discontinu or
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trace alternant; hereafter commonly referred to as TA)
during quiet sleep in preterm infants, since these consist
of clearly identifiable episodes with a well-established
dominance of slow frequency waves (Lamblin et al.,
1999; Niedermeyer, 1999).

2. Methods

Six neurologically healthy, preterm infants at concep-
tional age from 33 to 37 weeks (35.5 = 1.8 weeks (SD),
and postnatal age 2—4 weeks) were recorded. All record-
ings were made after feeding, and the children slept during
most of the time. The DC-EEG was recorded from the
scalp using a custom-designed DC-EEG amplifier (long-
term stability better than 1 wV/h, bandwidth 0-160 Hz,
amplitude resolution 2.4 wV, high input impedance differ-
ential preamplifiers equipped with circuits for automatic
electrode offset voltage compensation and testing of elec-
trode-skin contact impedance) with 4-8 electrodes refer-
enced to mastoids, and the ground electrode placed on
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Fig. 1. Discontinuous EEG activity of an infant at 33 weeks of conceptional age. All traces are from the same recording. Traces on the left are 60 s epochs with
either conventional EEG settings or DC-EEG. In the right column there are 15 s epochs (O1-Cz) taken from depicted locations (A and B, respectively). Note
the prominent large negative (downwards) transients in the DC-EEG. Bars in the inset show an example of how the amplitude and duration were defined from

the transients.

the forehead. Due to the height of the electrode holders
(8 mm) most recordings were made unilaterally. In addi-
tion, 3 polygraphic channels (EKG, eye movement, and
submental EMG electrodes) were recorded and the child’s
behavior was continuously observed in order to identify
sleep stages. We used Ag/AgCl electrodes (type LP220,
In Vivo Metric, CA, USA) with 12 mm? of active area
mounted in a plastic cup. A separate electrode holder lifted
the electrode surface 6 mm above the skin level forming a
closed space that was filled with electrode gel (Berner Ltd,
Helsinki, Finland). The large volume of the gel in the
electrode cup and holder, and the tight contact of the holder
with the skin beneath prevented the electrode gel from
drying which is imperative to avoid drifts generated by
changes in junction potentials (Geddes and Baker, 1968).
The skin beneath the electrodes was scratched to abolish
skin-generated potentials (Picton and Hillyard, 1972;
Wallin, 1981). Signals were acquired at 500 Hz by a
12 bit data acquisition card and computer. The software
for data recording and analysis was programmed under
Labview (National Instruments, Austin, Texas, USA).
The recorded EEG segments with TA activity were
analyzed both by DC-EEG (i.e. without high-pass filters)
and by using conventional EEG filter settings (i.e. with
0.5 Hz high-pass filter). High-pass filtering of DC-EEG

signal was performed with a digital infinite impulse
response (IIR) type filter (roll off —20 dB/decade or
—6 dB/octave). For closer analysis, we chose 120 clearly
identifiable (Lamblin et al., 1999) TA transients (20 from
each child) and measured their duration and amplitude.
Duration of the transient was defined as the time when
the trace was clearly deviated from the baseline, and the
amplitude was the peak amplitude measured from the
visually identified mean baseline (see Fig. 1).

Informed consent was obtained from the parents. This
study was approved by the Ethics Committee of the Hospital
for Children and Adolescents, Helsinki University Central
Hospital.

3. Results

Technically successful DC-EEG traces with very little or
negligible drift could be readily recorded at bedside. With a
conventional EEG frequency response starting from 0.5 Hz,
a typical TA transient consisted of an initial sharp wave,
followed by large amplitude delta frequency waves (1-
4 Hz) and higher frequencies (Fig. 1). However, removal
of high pass filtering resulted in a marked change in the
EEG waveform of the TA transients (Fig. 1): the most
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prominent deflections were large, slow negative transients at
the occipital and temporo-parietal derivations. The ampli-
tude of these large slow waves in occipital derivations (O1
or O2 referred to Cz) ranged between 200 and 700 wV
(mean 265 = 60 wV), and their duration typically ranged
from 1to 5 s (3.2 = 0.8 s). The overall form of the transients
varied somewhat, but they always consisted of a very slow
deflection with overriding faster (>1 Hz) waves. Thus, the
difference between DC-EEG and conventional EEG was
clearly evident in the overall shape and polarity of the tran-
sients. In the DC-EEG a typical transient was a pronounced
slow negative wave with superimposed faster events at delta
and higher frequencies. In contrast, conventional EEG
mostly yielded series of waves that were symmetrically
arranged over the baseline, and they visually resembled
the delta waves seen riding on the large transient in DC-
EEG.

4. Discussion

Our study demonstrates that DC-EEG recordings may be
readily performed bedside on human infants, and that DC-
EEG reveals a significant amount of slow activity patterns
not detected by conventional EEG. The present findings
raise a number of important issues that should be taken
into account in neonatal EEG measurements. DC-EEG
recordings reveal slow EEG activity without distorting the
signals. Since high-pass filtering of slow waves gives rise to
the generation of artefactual rebounds, such responses with
a frequency below the high-pass cut-off frequency will be
seen as multiple faster waves in conventionally-recorded
EEG.

The above considerations, and the data shown in Fig. 1
raise the obvious concern that the visually identified delta
activity in conventional recordings of neonatal EEG is a
part of a large, monophasic signal. From a purely neuro-
physiological point of view this is probably more interest-
ing than from a clinical one. This is because clinical
practice is mostly based on subjective pattern recognition
of EEG recordings and their comparison to the subject’s
clinical state, a procedure that is perhaps not markedly
misled by systematic signal distortion. However, the strik-
ing abundance of the very slow EEG patterns raise a need
to explore their potential importance in a clinical context as
well.

As genuine DC-EEG amplifiers are not yet commonly
used in clinical practice, it would be of potential impor-
tance to be able to record these slow EEG events using
more conventional EEG techniques. Reasonable recording
of slow EEG transients of the kind described presently is,
of course, theoretically possible if the time constant of the
AC amplifier is sufficiently long (with a minimum of tens
of seconds for the transients studied here) and if the elec-
trode/skin coupling is DC stable (reversible electrodes plus
short circuiting of skin responses). However, without

previous empirical information — based on genuine DC-
EEG - about the inherent temporal characteristics of a
particular type of slow EEG signal, it will be impossible
to judge a priori whether a given AC-EEG recording
system even with a long time constant will fully cover
the relevant frequency band. One should note here also
that most clinical EEG amplifiers have time constants
that can be set to a maximum of 1-10 s, which precludes
accurate recordings of any kinds of transients with a dura-
tion of several seconds.

In conclusion, the preterm infant brain exhibits
pronounced, very slow activity patterns with main frequen-
cies much lower than what can be recorded using standard
clinical EEG (Lamblin et al., 1999). In this context, it is
intriguing to note the similarities between the slow activity
observed in this study and the synchronous neuronal activity
described in animal experiments which is thought to play a
major role in the functional and structural shaping of neuro-
nal circuitries in immature brain tissue (Penn and Shatz,
1999; Garaschuk, et al., 2001). Abnormal spontaneous
activity is likely to underlie many common neurodevelop-
mental disorders (Penn and Shatz, 1999), and the clinical
EEG diagnosis of several acquired neonatal brain disorders
is based on findings of altered spontaneous activity (Scher,
1998; Watanabe et al., 1999). Hence, the DC-EEG techni-
que may open new avenues for the assessment of both
physiological and pathophysiological aspects of neonatal
brain functions.
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