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Abstract

Objectives: The goal of this study is to provide a better understanding of the role of the cortex in sleep’s macro- and microstructure
modulation.

Methods: Sleep architecture and phasic events were investigated in 4 patients having undergone right functional or anatomical hemi-
spherectomy and 8 control subjects. Between-groups differences were assessed using the Wilcoxon—-Mann—Whitney test.

Results: Findings provide evidence for overall similarity between patients’ and control subjects’ left hemispheric sleep architecture. In
addition, results clearly indicate that it is possible to detect electrical activity over the operated side of a hemispherectomized patient’s brain,
even when resection of the hemi-cortex has been complete. Finally, findings provide evidence for similar left and right hemispheric relative
spectral activities and for an increase in fast activity bands over the intact hemisphere in anatomical hemispherectomized patients.

Conclusions: This study provides evidence that right hemispherectomy does not produce significant sleep architecture alterations as
recorded over the intact hemisphere. In addition, residual activity detected over the operated side in anatomical hemispherectomized patients
is interpreted as resulting from volume conduction originating from generators located in the intact hemisphere. Finally, there is strong
evidence for electrophysiological compensation in the intact hemisphere following complete resection of the contralateral hemi-cortex.

© 2000 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

Investigations of sleep following cerebral insult have
shed some light on the subcortical mechanisms of human
sleep regulation. However, little is yet known about the role
of the cortex in normal human sleep.

The temporal organization of states of vigilance depends
upon numerous neuronal systems located in the brainstem,
hypothalamus, thalamus and basal forebrain (Jones, 1994).
Although the cerebral hemispheres do not appear to be
primordial in the generation or maintenance of sleep, as
illustrated by the case of an anencephalic infant (Nielsen
and Sedgwick, 1949), several studies of patients with vascu-
lar lesions suggest that higher cerebral structures exert
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modulatory influences on the expression of sleep. Patients
with extensive cortical laminar necrosis fail to exhibit sleep
structure, spindles and slow waves (Autret et al., 1975) and
a lack of spindles and an asymmetry of delta and theta
waves have been observed following vascular unilateral
cortical lesions (Murri et al., 1985). Further, an increase
of slow wave sleep (SWS) and a decrease of REM sleep
have been reported following unilateral right or left sylvian
softening, suggesting that both hemi-cortices may play an
important role in sleep modulation (Korner et al., 1986).
Neurological degenerative diseases have also been shown
to alter sleep. Alzheimer’s disease (AD) has been associated
with an increase in the number and duration of awakenings
and, therefore, with an increase in the percentage of stage 1
sleep and a decrease in SWS (Loewenstein et al., 1982;
Prinz et al., 1982; Reynolds et al., 1985; Bliwise et al.,
1989; Hanafusa et al., 1991). In addition, stage 2 sleep
spindles and K-complexes have been found to be poorly
formed, shorter in duration, and of decreased amplitude
and frequency (Prinz et al., 1982; Montplaisir et al.,
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1985), and decreased REM sleep percentage has been
reported in these patients (Loewenstein et al., 1982; Prinz
et al., 1982). More striking, however, are reports of REM
sleep temporo-parieto-occipital EEG slowing (Petit et al.,
1991, 1992). This characteristic of AD patients’ sleep has
recently been explained by the degeneration of subcortical—
cortical cholinergic projections (Petit et al., 1993).

Sleep alterations in epileptic patients provide additional
evidence for a cortical influence on sleep mechanisms.
Nocturnal partial and generalized seizures disturb sleep
profoundly. A decrease in sleep efficiency, an increase in
sleep stages 1 and 2, and a decrease in SWS and REM sleep
have been repeatedly reported independent of epilepsy type
(Angelieri, 1975; Baldy-Moulinier, 1982; Besset, 1982).
However, sleep and circadian fluctuations in vigilance
have been found to influence in turn the occurrence of
seizures, as well as the frequency, morphology, and propa-
gation of interictal activity (Montplaisir et al., 1985).
Although these studies suggest that higher cerebral struc-
tures influence sleep, such an interpretation of sleep altera-
tions in patients with cortical insult must be taken with
caution, due to the complexity of neuronal interference aris-
ing from damaged tissue. Investigation of the nocturnal
EEG of patients with extensive or complete cortical resec-
tion of one hemi-cortex is therefore of particular interest and
may well provide additional clues regarding the role of the
cerebral hemispheres in sleep regulation.

To our knowledge, there exist only two studies on hemi-
spherectomized patients’ sleep in the literature. The first one
describes sleep architecture in 7 patients having undergone
functional (partial) or anatomical (complete) hemispherect-
omy (Mingrino et al., 1969). Although no changes were
observed in functional hemispherectomized patients’
sleep, anatomical hemispherectomized patients’ nocturnal
EEG recordings revealed a decrease in the total number of
REM-NREM cycles, an increase in stage 2 percentage, an
absence of stage 4, and a decrease in REM sleep latency and
percentage. This study, however, mentions neither the later-
alization of surgery nor control group characteristics. The
second study (Itil and Saletu, 1971), describes sleep prints of
a patient having undergone left anatomical hemispherect-
omy, leaving only the thalamus and part of the basal ganglia
intact. Digital computer analyses of the EEG revealed that
electrical activity could still be detected over the operated
side after surgery; further, recorded activity was very simi-
lar to that observed over the intact hemisphere, and, in fact,
provided sufficient information for sleep staging. Like
Mingrino et al. (1969), these authors observed an increase
in stage 2 sleep over the intact hemisphere. Unlike the
previous authors, however, they also observed an increase
in stage 1 sleep, an increase in sleep stages 3 and 4, a
decrease of spindles and K-complexes, and no changes in
REM sleep latency and percentage over the operated side.
Unfortunately, this study did not provide a better under-
standing of the role of the cortex in sleep modulation, due
to the partial resection of the basal ganglia.

However inconsistent the previous findings, and however
important they may be to our understanding of cortical influ-
ences on sleep, sleep architecture in hemispherectomized
patients has not been examined since these two early
studies. The goal of the present study was thus two-fold:
first, to assess the impact of right hemispherectomy on the
macro- and micro-structure of sleep recorded over the intact
left hemisphere of patients, and second, to investigate spec-
tral components of sleep EEG signals recorded over the
intact and operated hemi-scalps of right anatomical hemi-
spherectomized patients.

2. General method
2.1. Subjects

One male and 3 females (mean age 22.2 years) having
undergone anatomical or functional right hemispherectomy
participated in the study. The surgical procedure was
performed in all patients to alleviate intractable generalized
epilepsy. Only one patient (case 3) continued to take medi-
cation at the time of investigation to control epileptic activ-

ity.

2.1.1. Case 1

C.F., a 14-year-old female, underwent complete removal
of the right cortical hemisphere at age 8 years as a last resort
to control epileptic seizures resulting from birth trauma.
Preoperative CT scan and angiogram revealed an infarcted
right cerebral hemisphere in the area of the right middle
cerebral artery distribution, an atrophic middle cerebral
artery, and some mild asymmetry between the right and
left sides of the anterior cerebral and posterior cerebral
arteries. An anatomical right hemispherectomy was
performed including anterior-to-posterior section of the
corpus callosum and dissection anteriorly along the caudate
nucleus and posteriorly around the basal ganglion. The
entire right cortex was then removed. Since surgery, C.F.
had had no seizures. An MRI revealed that the intact hemi-
sphere had slightly shifted in a rotational fashion. Part of the
left occipital lobe today occupies the right posterior cavity.

2.1.2. Case 2

T.H., a 22-year-old female, also underwent anatomical
right hemispherectomy. Onset of epileptic seizures occurred
at 9 years following thrombosis of the right middle cerebral
artery secondary to a Tetralogy of Fallot. Surgery was
performed the same year as epilepsy onset. The entire
right cortex and the subcortical ganglion lateral to the
ventrical system were removed. The thalamic portion of
the caudate nucleus and part of the hippocampus were left
intact. T.H. has had no further seizures since surgery.

2.1.3. Case 3
D.R., a 20-year-old female, underwent right functional
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hemispherectomy to alleviate intractable seizures resulting
from chronic encephalitis. Surgery was performed at 17
years of age and consisted of a fronto-parieto-temporal
craniotomy, an anterior temporal lobectomy, removal of
the amygdaloid uncal zone and of part of the hippocampus,
and subtotal lateral callosotomy. Mild, recurrent, motor
seizures are today controlled with anti-epileptic medication
(Carbamazepine CR 400 mg twice daily).

2.1.4. Case 4

S.E., a 28-year-old male, also underwent right functional
hemispherectomy. Onset of seizures occurred at 7 years. CT
scan demonstrated a right proencephalic cyst and cerebral
parieto-temporal atrophy with some preservation of the
medial occipital lobe and right hippocampus. Surgery was
performed at 25 years of age and consisted of removal of the
cyst, a right fronto-parieto-temporal craniotomy, excision of
the amygdala, and partial removal of the hippocampus. S.E.
is today free of medication.

2.1.5. Control subjects

Eight control subjects (6 women and two men; mean age
21 years; age range 14-28 years) matched for age, gender,
and handedness participated in the study. They were
selected on the basis of an absence of a history of sleep,
neurological, or psychiatric problems. They were also
screened for recent drug or alcohol dependence, and for
previous brain injury.

2.2. Methods

2.2.1. Recording and sleep stage scoring

All subjects spent 3 consecutive nights in the sleep
laboratory. The first two nights were for adaptation and
investigation of REM sleep dream mentation (McCormick
etal., 1997). All-night polysomnograms from the third night
were investigated in the present study. EOG, mental EMG,
and 16 EEG electrodes (Fpl, Fp2, F3, F4, C3, C4, P3, P4,
F7, F8, T3, T4, TS, T6, O1, O2) were placed over the scalp
surface using the international 10-20 system (Jasper, 1958)
as well as the standard montage for sleep staging
(Rechtschaffen and Kales, 1968). EEG channels were
recorded continuously on a computer system with a linked
ear reference. The EEG signals were amplified with a 6 db
bandpass of 0.3-100 Hz, digitized at a rate of 256 Hz, and
filtered on line with a 64 Hz frequency cut-off digital filter.
Following this filtering, only 128 samples per second per
channel were stored for analysis. Onset of the nocturnal
EEG recordings was defined as the time when lights were
turned off. Sleep recordings were scored for sleep stages by
an experienced polysomnographer on the basis of the intact
left hemisphere, and standard sleep parameters were calcu-
lated for a 7 h period. In addition, REM density was scored
as the percentage of 2 s mini-epochs of REM sleep contain-
ing at least one rapid eye movement (Lapierre and
Montplaisir, 1992), and a certified electroencephalographer

visually scanned patients’ EEG tracings for detection of any
residual epileptic activity.

2.2.2. Measurement of K-complexes and of spindle activity

Four episodes of 15 min each were sampled from stage 2
sleep for counting spindles and K-complexes. These
episodes were free of any artifacts and fluctuations in
sleep stages and were distributed homogeneously over the
7 h of recording in all subjects. The criterion for spindle
activity was that they be visually homogeneous wave peri-
ods in the sigma band (1215 Hz) with a duration of at least
0.5 s (Rechtschaffen and Kales, 1968). K-complexes were
defined as large amplitude bi- or triphasic slow waves of at
least 75 wV and of a duration of 0.5-3 s (Declerck et al.,
1987). An experienced polysomnographer and a certified
technician, both of whom had extensive experience in scor-
ing stage 2 phasic events, identified all spindles and K-
complexes by visually scanning all channels separately in
order to prevent any influence of the simultaneous occur-
rence of phasic events in several regions. All channels were
then displayed together in order to count in turn the total
number of spindles and the total number of K-complexes
having occurred simultaneously and in any combination of
channels. This approach made possible the determination of
the total number of generated events regardless of their
topographical location. Inter-judge reliability was at least
90% for identifying spindles, and was within the 80-85%
range for K-complexes. Finally, the mean density per
minute and the mean duration of spindles and K-complexes
were calculated for patients and control subjects.

2.2.3. Spectral analyses

Spectral analyses were performed on samples of anato-
mical hemispherectomized patients’ stage 2 sleep and REM
sleep. The linked-ear referential montage was reformatted
to a bipolar coronal montage (Fp1-F3, Fp2-F4, F3-C3, F4-
C4, C3-P3, C4-P4, P3-0O1, P4-02, Fpl1-F7, Fp2-F8, F7-T3,
F8-T4, T3-T5, T4-T6, T5-O1, T6-O2) to eliminate the
possible influence of the reference electrodes. Samples
consisted of the first 5 sections of 4 s of stage 2 sleep and
REM sleep that were free of muscular and ocular artifacts in
each of the first, second, and third complete REM-NREM
sleep cycles. The total sample size was thus 60 s for each
sleep stage. Spectral analyses were performed using a
commercial software package, Rhythm 10.1 (Stellate
Systems Reg, Montréal, 1996), which computes the fast
Fourier transform on 4 s epochs with a resolution of 0.25
Hz and cosine window smoothing. Frequency bands were
defined as follows: delta (0.75-3.75 Hz), theta (4.00-7.75
Hz), alpha (8.00-12.75 Hz), beta 1 (13.00-19.75 Hz), and
beta 2 (20.00-30.00 Hz). Three types of measure were
calculated: (1) absolute and relative power per derivation
in each frequency band; (2) total activity per derivation; and
(3) hemispheric asymmetry indices for homologous left and
right derivations. The latter measure was defined as the
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difference between left and right total activities (left
total,,s — right total, ).

2.3. Statistical analyses

Between-groups differences were assessed by comparing
populations’ rankings of data for each sleep architecture
variable examined and for the mean density and the mean
duration of spindles and K-complexes. This was achieved
by using the Wilcoxon—-Mann—Whitney test. Statistical
comparisons were based upon a two-tailed probability cut-
off level (a = 0.05).

3. Results
3.1. Overall brain electrical activity

Visual scanning of bipolar recordings of both functional
and anatomical hemispherectomized patients revealed the
absence of residual epileptic spikes. In addition, electrical
activity was observed over the operated side, although a
marked decrease in amplitude was noted both over right
resected cortical areas in functional hemispherectomized
patients, and over the entire right hemi-scalp in anatomical
hemispherectomized patients.

3.2. Sleep structure

3.2.1. Sleep macro-structure
Patients’ intact left hemispheres’ sleep macro-structure
did not markedly differ from that of control subjects

Table 2

(Table 1). No differences between patients and control
subjects were observed with respect to sleep latency and
total sleep time (TST). In addition, no differences between
groups were noted for the percentage of time spent in the
various stages of non-REM sleep, as well as for REM sleep
latency, the number of REM periods, the percentage of time
spent in REM sleep, and the percentage of REM sleep
density. Although an overall decrease in sleep efficiency
(P =0.02) was observed, this result was attributed to
T.H.’s low score (78.4%).

3.2.2. Sleep micro-structure

Similarly to results of the sleep macro-structure analyses,
patients and control subjects did not differ with respect to
sleep micro-structure as recorded over the intact left hemi-
sphere (Table 2). No differences between groups were
observed for the mean density of spindles and for K-
complexes. In addition, patients’ mean durations of spindles
and of K-complexes were similar to those of control
subjects.

Remaining activity recorded over the right hemi-scalp of
patients having undergone complete resection of the right
hemisphere was characterized by the presence of stage 2
spindles and K-complexes (Fig. 1). Spindle amplitude was
greatest over Fp2-F8 for patient C.F., and over F8-T4 and
T3-T5 for patient T.H. K-complexes were systematically
observed over pre-frontal and frontal derivations in both
patients (Fp2-F4; Fp2-F8; F4-C4), and were occasionally
noted over T6-O2 for C.F., and over F8-T4 for T.H. Ampli-
tude and morphology were best preserved over pre-frontal
and frontal leads.

Mean density and duration of phasic events over the left hemisphere for right hemispherectomized patients and control subjects

Spindles

Mean density (nb/mn) Mean duration (s)

K-complexes

Mean density (nb/mn) Mean duration (s)

Patients
CF. 5.65 0.83
T.H. 12.17 0.98
D.R. 10.07 1.15
S.E. 7.28 0.73
Mean 8.79 0.92
SD 2.90 0.18
Controls
AP. 5.85 0.88
A.T. 2.60 0.78
J.D. 7.13 1.08
V.E. 5.13 0.80
G.F. 6.53 0.88
1.G. 8.17 1.15
M.H. 3.62 0.80
Y.P. 3.20 0.78
Mean 5.28 0.89
SD 2.00 0.14

P value 0.07 0.86

2.23 0.85
3.38 0.85
0.77 0.90
0.95 0.85
1.83 0.86
1.22 0.02
1.67 0.90
3.93 0.93
3.58 0.83
2.93 0.80
222 0.68
1.08 0.75
222 0.80
0.77 0.78
2.30 0.81
1.13 0.08
0.38 0.47




L. McCormick et al. / Clinical Neurophysiology 111 (2000) 1488-1497 1493

(@

fp1-13 .

13-c3

c3-p3

p3-ol

e teptssthah W) st B} e

s oo sy o

fp1-17

WWNMJW

fp2-4

f4-c4

cd-p4

B L G A

p4-02

;IS’VWMW\WW

t6-02

U S

50 pv >

2 sec.

Fig. 1. Characteristic sample of right anatomical hemispherectomized patients’ sleep EEG over (a) left and (b) right channels.

3.3. Spectral analyses

Spectral analyses of stage 2 sleep and REM sleep showed,
as expected, that anatomical hemispherectomized patients
had larger hemispheric asymmetry scores than control
subjects. Differences were most marked over frontal,
central, and temporal derivations (FplF3-Fp2F4; F3C3-
FAC4; F7T3-F8T4; T3T5-T4T6) (Fig. 2).

These larger asymmetry scores resulted from an overall
decrease in total activity detected over the operated side and

from an overall increase in total activity recorded over the
intact hemisphere in both patients relative to controls (Table
3). The overall increase in total activity over the intact hemi-
sphere was further attributed to a predominant increase in
beta 1 and beta 2 activity bands for C.F., and to an increase
in all activity bands for T.H.

Finally, similar left and right relative activities for all
frequency bands were observed during stage 2 sleep and
REM sleep in both anatomical hemispherectomized patients
(Tables 4 and 5).
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Fig. 2. Stage 2 sleep and REM sleep hemispheric asymmetry indices of
anatomical hemispherectomized patients (C.F. and T.H.) and control
subjects (A.P. and J.D.).

4. Discussion

Results of the present study provide evidence for overall
similarity between right hemispherectomized patients’ and
control subjects’ left hemispheric sleep architecture. In
addition, results clearly indicate that it is possible to detect
electrical activity over the operated side of a hemispherec-

Table 3
Total REM sleep spectral activity per laterality and derivation in anatomi-
cal hemispherectomized patients (C.F. and T.H.) and respective control
subjects

C.F. Controls T.H. Controls

LH RH LH RH LH RH LH RH

Fpl-F3/Fp2-F4 216 890 168 185 264 76 115 141
F3-C3/F4-C4 168 50 189 233 258 56 114 123
C3-P3/C4-P4 191 72 224 155 180 50 148 144
P3-01/P4-02 137 100 203 236 160 111 162 165
Fpl-F7/Fp2-F8 158 106 116 120 140 8 109 115
F7-T3/F8-T4 160 62 152 185 150 52 114 123
T3-T5/T4-T6 203 54 173 173 167 60 111 145
T5-01/T6-02 124 115 177 207 125 76 164 159

tomized patient’s brain, even when resection of the hemi-
cortex has been total. Finally, findings provide evidence for
similar left and right hemispheric relative spectral activities
and for an increase in fast activity bands over the intact
hemisphere in anatomical hemispherectomized patients
when compared to control subjects.

4.1. Sleep architecture

Differences between results of previous investigations of
sleep architecture in hemispherectomized patients
(Mingrino et al., 1969; Itil and Saletu, 1971) and those of
the present study may well result from the highly controlled
selection of patients and control subjects having participated
in our study. Three out of 4 of our patients were free of
seizures and of medication at the time of the investigation,
whereas surgical outcome of patients having participated in
previous studies was not reported.

The observation of overall similarity between hemispher-
ectomized patients’ and control subjects’ sleep architecture
as recorded over the intact left hemisphere has several
implications. First, it demonstrates the efficacy of hemi-
spherectomy in controlling the occurrence of epileptic activ-
ity in some extreme cases of secondary generalized
epilepsy. It is today well known that SWS activation of
thalamo-cortical synchronization mechanisms facilitates
the occurrence of bilateral generalized epileptic activity
(Gastaut et al,, 1962; Pompeiano, 1969; Montplaisir,
1990; Touchon et al., 1991; Baldy-Moulinier, 1994). The
fact that SWS does not trigger any such activity in our
patients strongly suggests that all epileptic foci have been
successfully resected. Second, the similarity in sleep archi-
tecture between our patients and control subjects suggests
that the right hemi-cortex does not influence the expression
of sleep structure as recorded over the left hemisphere. This
interpretation is consistent with the consensus among scien-
tists according to which nocturnal EEG cycles and rhythms
are regulated by subcortical mechanisms rather than by
cortical neuronal networks (Steriade and McCarley, 1990).
In addition, between-groups similarities for mean density
and duration of stage 2 spindles and K-complexes as
recorded over the left hemisphere suggest that the right
hemi-cortex does not influence the expression of these
phasic events. However, it is also possible that under normal
circumstances both hemispheres have an influence on
subcortical areas primarily responsible for sleep control,
and that following hemispherectomy, brain plasticity allows
the intact side to increase its influence upon subcortical
structures in order to compensate for the loss of the removed
hemispheres’ modulatory impact.

4.2. Origin of the electrical activity recorded over the
operated hemi-cortex

Results of the present study confirm previous reports that
it is possible to detect electrical activity over the operated
side of a hemispherectomized patients’ brain even when
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Table 4

Anatomical hemispherectomized patients’ relative spectral activities during stage 2 sleep

Patient C.F. Patient T.H.
Delta Theta Alpha Beta 1 Beta 2 Sigma Delta Theta Alpha Beta 1 Beta 2 Sigma

Fpl-F3 30.7 19.8 17.0 16.5 16.0 9.1 28.4 18.8 233 19.4 10.1 139
Fp2-F4 30.3 20.2 16.8 18.8 139 8.8 31.0 21.6 234 13.4 10.7 10.9
F3-C3 29.3 19.4 18.2 17.9 15.1 8.2 29.2 17.8 23.1 18.5 114 114
F4-C4 33.6 20.2 16.3 16.3 13.7 7.5 28.7 19.9 24.7 16.7 10.1 11.6
C3-P3 30.0 21.7 15.3 18.8 14.2 6.4 34.6 19.3 20.1 16.6 9.3 9.7
C4-P4 31.2 19.4 15.2 20.8 13.4 6.6 33.6 19.8 19.0 16.4 11.2 7.9
P3-01 33.7 21.4 17.3 15.5 12.2 6.5 26.7 20.8 20.1 22.3 10.1 11.8
P4-02 29.1 21.8 18.7 18.4 12.0 6.6 339 229 18.9 13.6 10.6 7.0
Fpl-F7 28.8 16.6 18.0 19.6 17.1 9.0 31.1 18.2 222 16.7 11.9 10.2
Fp2-F8 30.7 17.7 17.5 20.3 13.8 9.5 29.9 18.7 26.0 15.8 9.6 124
F7-T3 27.0 17.1 17.9 21.2 16.7 9.0 31.1 18.8 235 15.5 11.0 10.8
F8-T4 28.4 18.0 14.8 232 15.7 6.7 34.0 19.4 20.4 14.5 11.7 8.6
T3-T5 33.6 21.0 16.7 16.5 12.2 6.0 344 22.3 19.0 14.7 9.6 8.5
T4-T6 29.5 17.1 15.4 227 15.3 7.3 31.2 21.4 19.4 15.7 12.3 8.1
T5-01 31.5 19.8 16.4 18.2 14.1 7.1 31.1 22.5 20.4 154 10.6 8.5
T6-02 28.1 23.3 17.9 19.0 11.8 6.7 31.8 21.1 18.9 16.8 114 8.7

resection of the hemi-cortex has been total (Marshall and
Walker, 1950; Obrador and Larramendi, 1950; Cobb and
Pampiglone, 1952; Ueki, 1966; Lorenz et al., 1968;
Mingrino et al., 1969; Itil and Saletu, 1971). The source
of remaining electrical brain activity recorded over the oper-
ated side of anatomical hemispherectomized patients has,
however, been a source of debate. Some authors have postu-
lated that this activity is only an echo of the intact hemi-
sphere’s activity (Cobb and Sears, 1960), while others have
suggested that it comes from both the intact hemisphere and
subcortical structures (Itil and Saletu, 1971). Therefore, we
investigated and compared spectral components of sleep
EEG signals recorded over the intact and operated hemi-
scalps of anatomical hemispherectomized patients in an
attempt to determine the nature and origin of electrical

Table 5

activity detected over the right cavity. Results revealed
similar left and right hemispheric relative activities, a find-
ing which is consistent with the hypothesis that activities
detected over the operated side come primarily from genera-
tors located in the intact hemisphere. The observed decrease
in total absolute activity recorded over the operated side was
thus attributed to propagation of the intact hemisphere’s
electrical activity through different volume conductors,
since the resected cortex was replaced with cerebrospinal
fluid in both patients.

4.3. Spectral components of brain activity recorded over the
intact hemisphere

Finally, an increase in activity of fast frequency bands

Anatomical hemispherectomized patients’ relative spectral activities during REM sleep

Patient C.F. Patient T.H.

Delta Theta Alpha Beta 1 Beta 2 Sigma Delta Theta Alpha Beta 1 Beta 2 Sigma
Fpl-F3 28.9 213 10.7 19.0 20.1 5.5 31.2 22.4 15.1 14.5 16.8 5.6
Fp2-F4 31.3 20.4 13.8 18.6 15.9 5.9 30.3 20.8 15.2 14.7 19.1 59
F3-C3 25.6 21.0 13.5 17.4 22.5 5.0 25.3 21.9 17.4 17.1 18.2 6.9
F4-C4 319 21.7 14.3 15.8 16.3 5.1 30.9 229 16.1 13.7 16.3 5.7
C3-P3 31.6 20.5 15.3 15.8 16.8 52 28.1 232 20.7 15.1 12.9 5.7
C4-P4 32.1 21.5 15.5 16.3 14.5 59 31.8 21.6 18.6 13.8 14.1 5.5
P3-01 339 235 14.9 15.7 12.1 5.4 25.2 25.7 21.5 14.3 13.4 6.3
P4-02 30.6 239 17.7 15.3 12.6 5.8 322 23.7 18.9 13.6 11.5 6.3
Fpl-F7 31.1 17.1 11.3 19.3 21.1 52 314 219 14.6 14.8 17.3 5.0
Fp2-F8 342 18.5 12.8 19.2 154 6.5 37.5 18.9 13.1 12.8 17.7 5.1
F7-T3 29.9 17.9 12.2 18.9 21.1 52 26.8 20.9 16.5 16.1 19.7 6.3
F8-T4 38.0 18.3 13.2 17.7 12.9 6.2 40.3 17.2 14.6 13.1 14.8 54
T3-T5 343 21.4 15.6 154 133 5.1 335 21.9 19.1 134 12.2 55
T4-T6 304 19.7 15.3 18.5 16.2 6.5 314 21.1 18.9 14.9 13.8 6.4
T5-01 32.7 21.4 15.4 15.3 15.3 5.4 27.3 253 19.6 14.6 13.2 6.3
T6-02 30.8 235 18.2 15.0 12.5 5.9 33.1 22.0 18.8 14.0 12.1 5.8
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was observed over the intact hemisphere of both of the
anatomical hemispherectomized patients when compared
to control subjects during stage 2 sleep and REM sleep.
This fact strongly suggests that electrophysiological
compensation has taken place following surgery. This
hypothesis is consistent with results of single photon emis-
sion computerized tomography (SPECT) and positron emis-
sion tomography (PET) investigations of anatomical
hemispherectomized patients. The latter have indeed
respectively demonstrated increases in glucose metabolism
and in blood flow within the intact hemisphere following
surgery (Pawlik et al., 1990; Carmant et al., 1994).

Overall, this investigation provides evidence that right
hemispherectomy does not produce significant sleep archi-
tecture alterations as recorded over the intact hemisphere. In
addition, findings suggest that electrical activities detected
over the operated side in anatomical hemispherectomized
patients originate primarily from generators located in the
intact hemisphere. Finally, results provides strong evidence
for electrophysiological compensation in the intact hemi-
sphere following complete resection of the contralateral
hemi-cortex.
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