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Introduction

To give an exhaustive view of the waking EEG from birth to adulthood in the “nor-
mal” subject is not an easy project. There is indeed an ontogenetic evolution of the
EEG, that is, a progressive maturation of the electrical activity of the brain, which
1s now well-known in its general lines. But the complexity of its description, inter-
pretation and relationships with other domains of physical and psychological matura-
tion makes it necessary to raise a number of preliminary comments.

To define what is “‘normal™ and to draw the limits of normalcy is difficult, although
indispensible for using the EEG as a diagnostic tool. Methodological remarks already
made on “normalcy” in the adult EEG (see Volume 6A of this Handbook) are also
valuable here. But, in addition, one has to keep in mind a series of general and
important points: in any study of development “‘adultomorphism™ must be avoided.
A child is not, or not only, a small unachieved adult; he is a different organization.
So the EEG in children must not be judged in regard to the adult EEG but in regard
to specific child organization or successive organizations.

Variability in children is much greater than in adults and expresses itself as marked
intra-individual and extra-individual variability of the EEG. Cross-sectional age
studies define statistical means but also deviations from the mean. These deviations
are an intrinsic part of the “normal”™ range and must not be interpreted (as they
often are) as abnormalities. Reactivity (this term being taken in its wider sense) of
the physiologically immature organism and of course of its EEG, is always greater
than in the mature organism. The range of plasticity in reaction to external and
internal factors, which may be of short or of very long duration, is a fundamental
component of the child organization to be taken into consideration.

This Part was intended to treat only the waking EEG of the normal child. Ob-
viously. the waking EEG can only be clearly delineated when the waking state is
clearly differentiated from sleep. At the very beginning of human life and especially
if this beginning is precocious as in premature infants, sleep and waking are too
intertwined to allow such a differentiation, which only obtains its full significance
when the adult-like sleep-waking circadian rhythm is complete. For this reason
descriptions of the EEG during sleep have been given in the first Sections.

EEG descriptions are usually made in terms of frequencies mainly defined as
patterns constituted by more or less rhythmically grouped frequencies. Implicitly,
it 1s thought that these different patterns originate from different anatomo-physio-
logical structures, giving each of them a specific significance. In fact, if individuation
of these frequencies or patterns is indispensible or unavoidable and if progressive
temporal changes in these frequencies or patterns are one of the main characteristics
of EEG maturation, it is only a segmentary aspect of the whole problem, which is
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the dynamic organization of brain activity. From a descriptive point of view this
concept of organization implies both relationships of electrical activities from the
different arcas of the brain (spatial parameters) and their variations with time
(temporal parameters), the latter having to take into consideration short term and
long term variations.

Whether EEG maturation relates to neuronal, biological or psychological
maturation is of crucial importance for interpreting the EEG and delineating steps.
phases or stages of evolution. During the first weeks or months of life, one may say
that all these domains are indistinguishable, and that each of them depends on the
other. At this stage, the EEG can be safely related to the physical maturation of the
central nervous structures. But myelinization, development of dendritic connections,
etc., reach their final state long before the EEG reaches its definite mature aspect.
EEG maturation must then be related to “‘development™ as a whole, this term includ-
ing different fields (somatic, psychological, ...). Determining relationships between
EEG and development is made difficult by two main factors: first, development is
never a linear process. It proceeds by successive steps linked by phases of slowing,
arrest or even regression of one or another field of evolution; second, there is no
strict correspondence between physical, biological and psychological development,
each of which follows specific curves of evolution that are never superimposed or
even parallel.

Reference to chronological age is necessary in such a study but is valuable only
with respect to statistical data. For individual cases, it is too ambiguous a reference
to define development, except for very young ages (premature infants, new born
babies). Later, development must be appreciated at different levels, taken into con-
sideration together, to be reliably related to EEG maturation, especially when a
distinction between normal and abnormal must be made.

An important point for EEG interpretation, especially before adulthood, is to
determine the respective importance of internal and environmental factors. Most
commonly a quasi-absolute primacy is given to internal factors: the EEG is
thought to reflect the functioning of the brain, this functioning being responsible
for biological homeostasis, psychological structuring, etc. Any deviation of the
EEG from the “normal” is interpreted as the consequence of primary dysfunction
of the brain or as an “abnormality” or impairment of the cerebral structures,
which in turn will be taken as responsible for any deviation in development or
behavior. The role of external or environmental factors is denied, ignored or markedly
under-estimated and considered only in terms of immediate reactivity to extero-
ceptive stimuli.

Greater importance should be given to environmental factors and especially
long term ones in the dynamic organization of the EEG during brain maturation
and development. Clinically it is well known that the handling of a baby influences
the quality of his feeding and of his sleep-waking balance. In the extreme, hospitalism
or abandonism can lead to impairment of physical and mental health, and sometimes
to death. At a later age, harmful environmental factors may induce stress, develop-
mental disturbances, cognitive or behavior problems, etc. It is logical to think that
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they also have an influence on EEG organization, or successive organizations during
maturation. Conversely, possible reverberant consequences on the immature EEG
of an improved environment should not be ignored.

To appreciate at every moment the respective importance of internal and environ-
mental factors on the EEG is most often left to the subjective appreciation of the
EEGer and depends on his own theoretical attitude towards the significance attributed
to this apparently “‘objective” trace of the brain. Consequently, the different Sections
of this Part are unavoidably tainted with the theoretical position of their authors,
resulting in possible discrepancies particularly concerning the limits to be given
to “normal” as opposed to “abnormal”. These discrepancies exist between labora-
tories and must not be underestimated: however precise the description of an EEG,
however complete the statistical scales, it is the interpretation of the EEG that counts
in its handling for diagnosis and treatment of the individual subject. Taking into
account the extreme plasticity of the physiologically immature organism, to know
not only the statistical means but also the ranges of possible normal variations under
the influences of multiple and constantly intermingled factors is indispensible to any
practitioner. Otherwise, the EEG could be misused and lead to conclusions prejudicial
to the subject.



Section I. The Electroencephalogram of Full-Term New
Borns and Premature Infants

A. INTRODUCTION

The EEG provides very good information on the development of the central nervous
system.

The bioelectrical activity of the central nervous system may be recorded through
scalp electrodes, if the survival of the early premature new born is possible for at
least a few hours, at the conceptional age of 24 weeks (calculated from the first day
of last menses). At this early age, the state of the new born cannot be identified as
wakefulness or sleep—some weeks later, at about 32 weeks, wakefulness and sleep
are two different states. but their differentiation is still very imprecise —crying and
movements with eyes open are the main distinctive characteristics. As recording
is generally impossible in wakefulness, we mainly record sleeping infants.

The EEG of the full-term new born was recorded first by Loomis ez al. (1938),
Lindsley (1938) and Smith (1938a, c). Later, main contributions to the descriptions
of the EEG of new borns and prematures were given by Hughes er al. (1948a, b, 1949),
Ellingson and Lindsley (1949), Ellingson (1958), Arfel-Capdevielle (1950), Gibbs and
Gibbs (1950), Mai et al. (1951, 1953), Janzen et al. (1952), Mai and Schaper (1953).
Melin (1953), Samson-Dollfus (1955), Dreyfus-Brisac and Monod (1956a). Kellaway
(1957).

Records of premature infants in incubators were first described by Hughes er al.
(1951) and Mai and Schaper (1953). The first systematic study of maturation was
given by Samson-Dollfus (1955). Since that time the main studies have been those
of Dreyfus-Brisac er al. (1956b, 1962, 1964), Ellingson (1964a) and Polikanina
(1966).

Polygraphic studies of sleep of premature new borns have been mainly performed
by Monod and Dreyfus-Brisac (1965a), Weitzman et al. (1965, 1968). Dreyfus-Brisac
(1966a, 1970), and Parmelee er al. (1967, 1968a. b).

B. TECHNIQUE

One of the main problems is to record safely. without any risk for the baby. It is
necessary to be aware of the fragility of the prematures and new borns. to reduce the
displacements of the neck and of the head of the baby, to avoid any tightness of the
head rubber bands, and to place the electrodes as rapidly as possible, after having
carefully cleaned the skin.

Recording in incubator, even with assisted ventilation or during an epicranial



EEG OF FULL-TERM NEW BORNS AND PREMATURE INFANTS 6B-7

infusion, is possible. Good earthing helps to get rid of the alternating current artifacts.
Heat and oxygen concentration must be watched carefully if the baby is in incubator.
All the manipulations must be done through the openings, and the incubator must
not be fully open. Transistorized portable apparatus are now available which can
be used in the ward so that the baby may remain in his normal environment.

For research studies, recording on a magnetic tape will allow delayed treatment of
information. Distant transmission through cables is also possible from the ward
to the laboratory, where the magnetic tape and other equipment are available. In
such conditions, observation of the baby is made through closed circuit T.V.

The technician must be aware of different dangers: infection (electrodes must be
sterilized after each recording, and cables must be kept in a sterile atmosphere);
high concentration of volatile products in the incubator; fire (which may occur when
volatile liquids are used with a high oxygen concentration and with many electrical
apparatus).

Apneas are sometimes caused by prolonged crying, but occur often spontaneously.
Monitoring respiration rate (with a strain gauge or with a thermistor, or with impe-
dance measurement) helps detect prolonged apnea, classify states of sleep and study
reactivity.

The montage and electrodes vary from one laboratory to another. The number
of active electrodes varies from 9 to 12. Different methods are used (see recent reviews
by Dreyfus-Brisac 1966b: Ellingson 1967).

l. EEG patterns

(a) The EEG of the full-term new born
Two main EEG patterns may be described during the first week of life of a full-term
new born (Fig. 1, 4 and D):

a. Low voltage EEG pattern, which consists of continuous more or less rhythmic
activity, with a dominant frequency below 7 ¢/sec, mainly in theta range, the voltage
being inferior to 50 uV. This activity has been described by Samson-Dollfus as
activité moyenne, and is diffuse all over the scalp.

b. Tracé alternant with bursts of slow waves (1-3 c¢/sec, 50-100 xV) lasting 4-5 sec,
synchronously over the two hemispheres. The interblirst activity is similar to the low
voltage pattern and has the same duration as the bursts.

Besides these two main patterns, two variants can be seen (Fig. 1, B and C):

c. Low voltage EEG pattern with superimposed slow waves at 2-4 ¢/sec with an
amplitude of less than 100 xV. These slow waves may be continuous or discontinuous.

d. Continuous slow wave EEG pattern, with a frequency of 0.5-2 c¢/sec and an
amplitude higher than 50 pV.

These 4 EEG patterns are recorded in different states. The low voltage or activité
moyenne EEG being recorded in wakefulness and in active or light sleep: its rhyth-
micity is somewhat more visible on central areas in active sleep than in wakefulness.
Low voltage EEG patterns with superimposed slow waves can be also recorded in
active sleep and wakefulness.



6B-8 EEG AND CLINICAL NEUROPHYSIOLOGY

I NIIIIII ‘/VWWVWVW(\//W//V

ANNNN NN S NN

AN VN AN N e AN N

SRS NNERNENENE
(1100000111001
i

e e N AN NS \

MWV\NW\,JWVVW/\-\/\J
e NS N\ e oA N a NN A

i b e i e gy
1

L i

Al
ANV AY AVAVA AL W NV

Fig. 1. The four EEG patterns of a normal full-term newborn. 6 days. Term (T): 40 weeks: birth weight
(B.W.): 3630 g: height (H): 49 ¢m: cephalic circumference (C.C.): 36 cm. [: [.ow voltage or activité
moyenne EX-G pattern. B: Low voltage EEG puttern with superimposed slow w.ves 1 and B are recorded
in active sleep. with irregular respiratory rate. C: Continuous slow wave EEG pattern. D: “Tracé alter-
nant”. C and D are recorded in quiet sleep. the respiratory rate is less regular than normal. Black rectangles:
Rem: arrows: mouthing. In this figure and Fig. 4. 5 and 6: channel 9 = electrocardiogram: channel 10 =
cardiotachygraph, channel 11 = respiration. Calibrations for all figures: 50 uV: 1 sec.
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The tracé alternant is recorded in quiet or deep sleep, and can be replaced by a
continuous slow wave EEG even in normal infants.

Limits of normality are difficult to establish. No clear limits of the normal range
of variations in new borns have been described so far. We can nevertheless reach
some conclusions (Monod et al. 1960; Kellaway and Crawley 1964 : Dreyfus-Brisac
1966b; Ellingson 1967). The frontal activity (Fig. 2) occurring synchronously on both
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Fig. 2. Slow anterior dysrhythmia (underlined). 4: Awake. eyes open. one slow diphasic spike (sharp
frontal transient). which must be distinguished from eye movement artifacts (arrows). B: Repeated sharp
frontal transients. C: Association of monomorphic delta and sharp frontal transients. D: Monomorphic
delta waves. (From Dreyfus-Brisac 1966)

hemispheres (either sharp diphasic transients, or monomorphic or polymorphic
slow waves occurring either in bursts or continuously) is considered normal in
drowsiness or sleep records, but abnormal when occurring in wakefulness. This
activity is to be distinguished from ocular movement artifacts (Fig. 2). Low voltage
records may be found for one or two days in normal and subnormal babies.

Rhythmicity may also vary and a high degree of rhythmicity in the theta frequency
(not in alpha frequency) band in wakefulness is not necessarily abnormal.

In sleep, low voltage, poorly defined vertex spindles (Kellaway 1957; Petre-
Quadens 1964 Metcalf 1969), rolandic humps and sporadic slow waves, as well as
rapid low voltage occipital rhythms may occur without clear relation to pathological
findings (Kellaway and Crawley 1964; Dubois-Dalcq 1966). Transitory asymmetry
in wakefulness or sleep may also occur.

Bursts of rhythmic alpha-like activity on parietal or or central leads, occurring
during a few (less than 5) seconds are considered normal, and perhaps related to
the position of the head during delivery (Churchill 1966).
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(b) The EEG in premature infants

Rapid development of cerebral hemispheres between 24 and 41 weeks of gestational
age is parallel to rapid variations of cerebral electrogenesis. At this period of life,
these EEG patterns vary so quickly that an electroencephalographic age can be
evaluated within an approximation of 2 weeks.
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Fig. 3. R ... Premature 20 hours. T: 27 weeks: B.W.: 810 g: H: 32.5 cm: C.C.: 23 cm. Irregular bursts of
activity, of variable length and shape. spiky waves mostly on the frontal Jeads, rapid waves on rolandic
leads. slow waves mostly on occipital leads. Period of silence of variable duration. Pulse artifact is seen
on leads 5 and 7. Arrows: limb movements.

(1) The EEG of the early premature infant (24-27 weeks of conceptional age)
(Fig. 3). Only one EEG pattern is present at this early age. Slow waves from 0.3 to
1 c/sec with a voltage of 300 uV occur in bursts lasting 3-20 sec. They are diffuse
with occipital predominance. Rhythmic activity in the alpha band between 8 and
14 c/sec appears in bursts of smaller amplitude (25-30 pV) lasting 1-2 sec predomi-
nant on the rolandic leads, more rarely on the occipital leads. Bursts of 5-6 ¢/sec
rhythm, lasting 1-2 sec, often predominantly occipital, and spikes of high voltage
(200-300 V) of variable topography. more often frontal, are also seen.

These different types of activity are discontinuous and without regular succession.
Bursts may last from 1 to 20 sec. Periods of quiescence between the bursts may last
from 2-3 min or only 5-10 sec. There is some disorganization in the timing as well
as in the sites of the bursts. In no case were we able to detect isosynchrony between
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two points in the same hemisphere and the bursts of activity seemed generally to
occur simultaneously over the two hemispheres.

Wakefulness and sleep do not seem to be differentiated at this age. though the
infant is sometimes quieter or more active, without a total interruption of body
mobility.

(ii) The EEG between 28 and 31 weeks of conceptional age (Fig. 4). An important
modification takes place at or around 28 weeks of conceptional age, when the pre-
mature becomes viable. The EEG patterns found before 28 weeks are replaced by
much simpler ones. They are composed of bursts of regular rhythmic theta waves
(4-6 c/sec). lasting 1 or 2 sec. with voltage between 25 and 100 uV: between bursts
there are long quiescent periods.

During a short period of development, at around 28 and 29 weeks of gestation.
this theta activity is synchronous at all points on the same hemicranium and cancels
itself when electrodes are paired on right or on left side leads. The bursts appear
only in recordings made between two electrodes placed on opposite sides of the
midline. After 29 weeks of gestation, this intrahemispheric isosynchrony disappears.
Until 30 or 31 weeks the bursts of theta rhythms remain the predominant activity.
In some cases, slow waves of 0.3-1 ¢/sec are picked up by the occipital leads from
such infants.

Patterns characteristic of 7 months of fetal life (32-36 weeks) appear around
30 weeks. The typical pattern is composed of slow activity (1 ¢/sec at 25-100 uV)
with superimposed rapid rhythms (10-14 ¢/sec. 10-20 xV): these slow waves appear
in bursts lasting 3-10 sec. still mixed with the theta bursts characteristic of the
preceding period.

At 30-31 weeks. the EEG patterns are similar in wakefulness and sleep. Wakeful-
ness is not clearly established. and states of sleep are not differentiated (Monod and
Garma 1971): there is still more than 609, of discontinuous recording: relationships
between EEG patterns and changes in behavior are not yet well established.

(i) The EEG between 32 and 35 weeks of conceptional age (Fig. 5). After 32 weeks,
two different EEG patterns are present for long periods.

Slow waves (1-2 ¢/sec, with superimposed rapid rhythms which were already seen
for short periods at 30 weeks) are found on occipital. temporal and also rolandic
leads. The bioccipital record is often of low voltage, due to interhemispheric isosyn-
chrony of the occipital areas.

In continuous or discontinuous EEG patterns, wave form is grossly similar,
though discontinuous activity is frequently superimposed with sharper waves than
continuous activity.

It is important to stress that these different patterns are not correlated with wake-
fulness and sleep. Continuous activity is present in wakefulness and active (or light)
sleep. and discontinuous activity appears only in quiet sleep, though the differentia-
tion between quiet and active sleep is still not fully complete at this age.

(iv) The EEG of the premature infant between 36 and 41 weeks. From this age,
three different EEG patterns are present: diffuse low voltage EEG patterns, similar
to that observed in the full-term new born: continuous slow wave EEG patterns,
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Fig. 4. B ... C ... Premature. T: 29 weeks: B.W.: 1120 g; H: 37 cm: C.C.: 26 cm. First EEG recorded
at 5 days, i.e., 30 weeks of conceptional age. Two discontinuous EEG patterns are present at this age.
A: Slow waves with superimposed rapid rhythms. B: Bursts of theta waves, which were already present
at 28 weeks. Limb movements (arrows) and irregular respiration are present with a discontinuous EEG.
Active and quiet sleep are not differentiated.




Fig. 5. 33 weeks. Same infant as Fig. 4. 4: Continuous posterior slow waves in active sleep. with limb
motility indicated by arrows. B: Discontinuous EEG in quiet sleep. Respiration is still irregular in quiet
sleep.



