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Methods for Assessing

Human Sleep

Murray W. Johns, MB, B3, Melbourne:

ver the last two decades there

! has been a great increase in in-
terest and experimentation in the
physiology and pathology of sleep.
This has involved many different dis-
ciplines such as neurophysiology,
general physiology, biochemistry,
pharmacology, endocrinology, psy-
chology, and psychiatry. The deserip-
tion of changes in the electro-
encephalogram during sleep by
Loomis et al in 1935 and the later
definition of sleep stages by Dement
and Kleitman in 1957 greatly faeil-
itated these investigations. Sim-
ilarly, the discovery of a relationship
between rapid eye movements
(REM), a low-amplitude fast-fre-
quency EEG, and subjective reports
of dreaming has been followed by
many objective investigations into
the nature of the dreaming state
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which previously had not been pos-
sible. The nature of sleep disturb-
anees i psychiatrie illness and the
effects of hypnotic drugs, which are
so widely used but so little under-
stood, are now the subject of intense
research. Normal sleep habits and
the epidemiology of sleep disturb-
ances in the community are being in-
vestigated both by subjective meth-
ods in large groups and the objective
technigues of sleep laboratories with
smaller groups. Lack of sleep has
been implicated as an etiological fae-
tor in the acute psychosis which oe-
curs fairly commonly in patients in
intensive-care wards, especially after
cardiac surgery.’ Dreaming sleep has
been associated with abnormally
high levels of gastric acid secretion
in patients suffering from duodenal
uleers' and with the onset of angina
pectoris and transient electro-
cardiographic charges in patients
with ischemic heart disease.’ Plasma
levels of growth hormone have been
found to be relatively high during
delta-wave sleep® when levels of cor-
ticosteroids and catecholamines are
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very low,”* the latter changes proba-
bly playing a part in the restorative
and anabolic funections attributed to
sound sleep. The increasing rele-
vanee of sleep research to general
medicine and surgery is thus clear,
Because of differences in experi-
mental objectives, subjective bias of
the experimenters, and availability
of equipment, a wide variety of ex-
perimental methods have been used
in sleep research. The similarities as
well as the differences and limita-

tions in the information available

from these various methods have not
been well understood. The great em-
phasis on the EEG and eleetro-oculo-
gram (EOG) in recent years has
sometimes involved a vain hope that
these methods alone will give all of
the relevant information about a
night's sleep. By contrast, evaluation
of the effect of hypnotic drugs in hu-
mans has sometimes been crude and
inaccurate for the want of expensive
and time-consuming EEG methods.

In this review the different meth-
ods currently used in sleep research
are Dbriefly deseribed. The in-
formation which can be derived from
each and the advantages and dis-
advantages are outlined. Examples
of the use of particular methods will
be eited without any attempt being
made to review all of the relevant
literature.

Subjective Methods

Sleep Questionnaires.—The gnes-
tions asked in self-administered
sleep questionnaires have varied con-
siderably |between different in-
vestigators, but most have included
enquiries relating to the duration
and quality of sleep and the natuve
of dreams. In the simplest case, in-
formation about the duration of
sleep has been derived from answers
to & question such az "How long do
you like to sleep at night?™- A
range of possible answers has some-
times heen provided, with the experi-
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mental subject selecting the most ap-
propriate. In more complicated ques-
tionnaires the subjects have been
asked their usual time of retiring to
hed, how long it takes them to fall
asleep, how often they awake during
the night, and what time they usual-
ly wake up in the morning.”"
Wehb* found satisfactory reliabil-
ity on test-retest administrations of
such a questionnaire.

We have found that considerably
more detail about sleep habits can he
obtained if separate guestions are
asked about sleep at weekends and
on weekdays in that the latter may
be quite different, especially in
young adults.”* The duration of sleep
over a whole week is much more con=
stant than for single nights in any
individual subject. One may calculate
the usual total duration of sleep (day
and night) for a week, making allow-
ances for sleep lost as a result of
night awakenings. Separate values
may be calculated for the delay in
talling asleep, the number and dura-
tion of night awakenings, and the
delay before getting out of bed in
the mornings. The total of these
figures gives an estimate of the time

spent awake in bed at night, which,

together with the total duration of
sleep, has been used to define the se-
verity of sleep disturbances.'” Nor-
mal subjects who differ only by small
amounts in such factors derived from
a sleep questionnaire have sig-
nificant differences of personality
and corticosteroid excretion through-
out the day and night (Johns MW,
Gay TJA, Masterton JP, Bruce D,
unpublished data). Similarly, Mon-
roe'" has shown that such subjects se-
lected as: "good” or "poor” sleepers
on the basis of a sleep gquestionnaijre
have objective differences in their
sleep pattern as measured by EEG
methods in the laboratory.

The accuracy of subjective esti-
mates of the delay to sleep onset,
number of night awakenings, and to-

tal sleep duration have been studied
recently in normal subjects in the
laboratory. Lewis" found that sub-
jective reports tended to over-
estimate the delay to sleep onset and
number of awalenings during the
night, and to underestimate the total
sleep time. Nevertheless, the sub-
jeetive and objective results were
significantly ecorrelated. Baekeland
and Hoy' reported greater accuracy
than Lewis in their subjects’ ac-
counts of sleep latency and number
of awakenings lasting longer than
four minutes each. We have found
that over 13 nights four normal sub-
jects estimated the time of falling
asleep to within two minutes (range,
—14 to +29) and the total duration
of sleep to within eight minutes
(range, —30 to +29).

However, studies of psyehiatric
patients suggest that depressed
patients overestimate their degree of
sleep disturbance to a greater extent
than do normal subjects whereas
manic patients underestimate their
degree of sleep disturbance®™ Like-
wise, there is a tendency for elderly
subjects, especially those with chron-
ic brain syndrome, to underestimate
the duration of their sleep or to deny
that they have slept at all during the
night.”* These problems arise in such
patients because it is diffienlt for
them to distinguish subjectively be-
tween brief periods of light sleep
and wakefulness which characterize
their sleep pattern. They may also
have more difficulty in estimating the
passage of time when awake than
healtly young subjects.

Comparison of the efficacy of hyp-
notic drugs on the basis of subjective
reports ean be made quite sensitive
to small differences, if instead of
asking for an absolute rating of a
night's sleep the subject is asked
simply to decide whether a night's
sleep with one drug is better or
worse in several respects than his
sleep with another drug. A double-
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blind technique is used with an ac-
tive drug and placebo, each patient
acting as his own control.# There are
some aspects of a night’s sleep which
demand subjective descriptions. Only
the subject can tell us how he feels
when he wakes up, whether refreshed
or tired. We can measure objec-
tively the duration of dreaming peri-
ods, but only the subject ean tell us
what he dreamed about.

Daily Sleep Charts.—=Instead of ask-
ing a series of questions relating to a
subject’s sleep habits, one may ask
him to record on a chart each morn-
ing for several days or weeks the
particular times of going to sleep,
night awakening, and final morning
awakening. This method was suc-
cessfully used by Lewis and Master-
ton®* to ascertain the sleep habits
of several different occupational
groups, and has been used to de-
scribe the sleep and wakefulness in
adults at different ages.”™* Daily
sleep charts, like sleep question-
naires, depend on the subject's esti-
mates of time, which under most cir-
cumstances are sufficiently accurate
to give information about group
differences, if not small individaal
differences. Sleep charts have the ad-
vantage over questionnaires of giv-
ing information on day-to-day wari-
ations in sleep over a prolonged peri-
od. However, a questionnaire is less
trouble to complete. The similarity in
most aspects of the sleep patierns
reported by groups of normal sub-
jects using sleep questionnaires and
daily sleep charts would seem to en-
hance the reliability of both methods.

Objective Methods

Electroencephalogram.—The EEG
has formed the mainstay of most re-
cent attempts to measure sleep ob-
jectively. The usual arrangement is
for an BEG to be derived from either
bipolar frontooceipital or parietooceip-
ital electrodes, or from a unipolar
parietotemporal electrode referred to
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the oppoesite mastoid process. The
BEEG signal is amplified and may be
recorded on a frequency-modulated
tape recorder and replayed later, or
may be recorded directly by a pen-
writing polygraph running at chart
speeds of 10 or 25 mm per second
Other channels of the polygraph may
be used to record additional EEG
information, the electromyogram
(EM@G), or other variables such as
the electrocardiogram or respiration
rate. Because most sleep inves-
tigations invelve all-night record-
ings, polygraph methods use thou-
sands of feet of recorder paper.

The EEG is usually scored visually
in' segments of 20 or 30 seconds
which can be assigned to stages of
sleep. The propertion of time taken
up by high amplitude, low frequency
waves (delta waves) increases from
stage 1 to stage 4 sleep (Fig 1). The
Association for the Psychophysiolog-
ical Study of Sleep has produced =
manual with standardized nomen-
clature and methods for recording
and seoring sleep EEGs which' should
lead to greater uniformity of sleep
staging than has hitherto been pos-
sible," especially for nondreaming
stages.”

The percentage and the total time
spent in particular stages and the
pattern of change from one stage to
another have been used to character-
ize a night's sleep™ (Fig 2). The per-
centages of sleep in varicus stages
have been shown to vary with age™
and in certain psychiatric conditions
such as psychotic depression,™ acute
schizophrenia,” and chronic brain
syndrome.® Other characteristics of
the BEEG which have heen described
under various conditions include the
delay to the first epoch of stage REM
or stage 3 sleep, the number of brief
arousals during the night, the mean
duration and number of stage
changes, and the intensity of spindle
activity. Under stress, and hence
during’ nights of subjectively poor

quality sleep, the delay to the first
epoch of stage REM increases and
the total duration of this stage de-
creases. Similarly, the frequency of
stage changes and the number of
arousals increage and suggest a lack
of ability to sustain long periods of
any particular sleep process." Re-
sults from the first night's record-
ings in a sleep laboratory are usually
disregarded because of the unusually
disturbed sleep, the “first-night
effect” as it has been called.” How-
ever, even when sleep in the labora-
tory has improved somewhat after
the first night it may still continue
to he more disturbed than sleep at
home, in most if not all subjects.™

Unfortunately there has been a
tendency to equate each EEG stage
with a particular depth and quality
of sleep. The depth of sleep at any
time depends on the particular meth-
od used to measure it, as well as the
experimental subject and other fac-
tors. " In general terms, the degree
of diffieulty in arousing someone
from sleep increases from stage 1 to
stage 4 with stage REM being in-
termediate. But this arousal thresh-
old apparently decreases with age
within the same sleep stage and may
vary from night to night in the same
individual. For example, the arousal
threshold in stage 3 is not invariably
higher than in stage 2. The arousal
threshold in stage 4 or stage REM is
higher than usual if that sleep is talk-
en at night rather than during the
day,™ and is higher than usual in all
stages during recovery from sleep
deprivation.*'

There are other dangers in relying
too heavily on the EEG to describe
sleep. Certain drugs such as atropine
sulfate and hyoseyamine sulfate pro-
duce alert behaviar but an EEG char-
acteristic of sleep.'"" After cardiac
surgery without complications the
waking EEG sometimes has greatly
inereased amounts of slow aetivity
which seem to relate to hypo-
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natremia.’” Elderly patients often
show diffuse slow wave activity in

their waking EEG despite the lact
that the amplitude of their delta

waves during sleep is lower than in
young adults. Also, there are vari-
ations in the EEG derived simulta-
neously from electrodes on different
parts of the head which make sleep
staging less reliable." One must be
cautious in interpreting sleeping
EEGs in the absence of other mea-
sures of sleep.

Electro-oculogram.—The  potential
difference between the cornea and
retina of each eye is such that elee-
trodes placed 4t the orbital margins
can record accurately the position of
the eyehall.”” Such monitoring of eye
movements has become the method
most commenly used for the detec-
tion of REM which, when associated
with a stage 1 BEG, indicate dream-
ing periods of sleep.* The REMs are
similar to the saccadic eye move-
ments of wakefulness and invelve
conjugate movements with horizon-
tal and wertical components. The
horizontal components are easily de-
tected as signals of up to several
hundred microvolts between elec-
trodes at the outer canthus of each eye
(Fig 3). The vertical components ean
be detected at the same time by hav-
ing an electrode above one outer can-
thus and the other electrode below
the opposite outer canthus. Alter-
natively an electrode at each outer
canthus can be referred to a third
electrode at the nasion or mastoid
process so that the position of each
eye is monitored separately. The raw
EOG is often recorded along with the
EEG on a polygraph running at
chart speeds of 10 to 25 mm/sec.
However, the EOG can be in-
terpreted quite readily at much slow-
er chart speeds.

A completely different method of
monitoring eye movements has been
deseribed by Baldridge et al™ A
miniature ceramic strain gauge is at-
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Fig 1.—The EEG of wakefulness and various stages of sleep recorded from a unipolar
parietotemporal electrode. Average amplitude increases and the frequency decreases
from stage 1 to stage 4. Spindles are present in stage 2 and stage 3.

Fig 2.—The pattern of stage changes during a typical night’s sleep in a young adult,
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Fig 3.—Rapid eye movements as recorded by the elsctro-oculogram during stage
REM or dreaming sleep. Very little activity or slow pendular eye movemeanls are seen

during nondreaming sleep.

tached to each upper eyelid to give a
signal of a millivelt or more when
movement of the cornea beneath the
closed eyelid deforms the strain
gauge. This method has not yet been
widely used,

It seems that the frequency of
REMs during stage REM sleep is an

indication of the intensity of sleep

and dreaming processes. Under con-
ditions of psychological stress the
frequency of REMs increases where-
as the duration of stage REM peri-
ods decreases.’” The degree of mental
retardation in patients with Down’s
syndrome; phenyiketonuria, or brain
damage is negatively correlated with
the degree of eve movement activity
during dreaming.
Electromyogram.—An electrical as-
sessment of musele activity in the
submental region is recommended by
some as an additional source of in-
formation to the EEG and EOG in

monitoring the stages of sleep.™ The
amplitude of the EMG measured
over the suprahyoid miuseles de-
ereases slightly when the subject
goes to sleep. Just before and during
each stage REM epoch the muscle
tone decreases still further." This
hypotonia is fairly general through-
out head and neck muscle groups but
paradoxically is associated with brief
spikes of muscle activity which fol-
low periodic discharges in the pons
during stage REM sleep.

Because of the very small ampli-
tude of the EMG, electrical in-
terference iz a common problem, but
this can be reduced by the use of
large Hexible stainless steel mesh
electrodes moulded over the skin.™
At the conventional recording speed
it is the envelope width of the EMG
record which is important rather
than individual wave forms. This
record also proyides an indication of

Fig 4.—The pattern of basal skin resistance (upper) and galvanic skin responses
(lawer) during wakefulness and a 27-minute period of sleep when the resistance stead-

ily.increased and fluctuations ceased.
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holy movements and so enables
ready identification of brief arousals,
the number and duration of which
are related to the quality of sleep.
Electrical Resistance of Skin.—
Johns et al® have described a
method for monitoring sleep and
wakefulness with continuous mea-
surements of the electrical resistance
of skin. A small constant current is
passed between electrodes attached
to the fingers, the potential
difference which is developed heing
proportional to the resistance of the
skin. The basal level of gkin resist-
ance (BSR) undergoes large slow
variations over periods of minutes or
hours. Im addition' there are small,
rapid fluetuation in resistanee oc-
curring over five or ten seconds, the
so-called galvanic skin responses
(G3R). These two measurements of
skin resistanee can be recorded sepa-
rately at slow chart speeds (Fig 4).
The pattern of BSR and the {requen-
¢y of GSRs is guch that one can de-
termine accuralely the onset of
sleep, the time of any arousals no
matter how brief, and the time of
finally waking up. The frequency of
GSRs ocenrring spontaneously dur-
ing wakefulness can be used as 4
measure of arousal and anxiety.
Their frequency decreases markedly
in drowsiness and stage 1 sleep but,
paradexically, increases again, espe-
cially during stages 3 and 4 sleep,
when low-amplitude GSRs oceur up
to 10 and 12 times per minute. Pre-
sleep psychological stress increases
their frequency during all sleep
stages.” This method therefore in-
troduces an objective measure of the
duration of sleep and probably also a
measure of sleep quality which is in-
dependent of the EEG and BOG.
Where it is thought to be difficull or
unneecessary to carry out a full analy-
sis of sleep stages using the EEG
and EOG, skin resistance methods
have proved simple and reliable and
can be applied to hospital patients
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who are seriously ill.

Body Motility.—Measuring body
motility was one of the first objec-
tive methods used in sleep research.
Kleitman® used mechanical appa-
ratus connected to a special bed to

measure the frequency and total du-

ration of body movements during the
night. He showed that normal sub-
jeets miove hetween about 20 and 60
times during’ a night, each movement
period usually lasting a few seconds.
The frequency of movements in-
ereases during the night. However,
becanse of the wide variation in the
pattern of body movements in nor-
mal subjects, Kleitman concluded
that "One is certainly not justified in
judging the quality of sleep entirely
or mainly on the basis of how many
movements per hour or per night the
sleeper made.” Such a statement
may have influenced many in-
vestigators against measuring body
motility, Oswald et al** included this
measurement in their detailed study
of the sleep of patients suffering
from melancholia. Neither body
motility nor the frequency of stage
changes significantly differentiated
the patients from controls, but hoth
factors were decreased by the hyp-
notic drug heptabarbital. The fre-
quency of movements decreased
from stage 1 to stage 4 sleep and in-
creased in REM stage. Monroe' used
u plezoelectric crystal attached to the
bedsprings to show that poor and
good  sleepers had  significant
differences in their body motility, es-
pecially in stages 3 and 4 sleep:
Baekeland et al'* found that normal
subjects gave ratings of their own
body movements and quality of sleep
which were related significantly to
the total number of body move-
ments, especially to those assoeiated
with waking alpha waves in the
BEG.

It seems, therefore, that measure-
ments of body movements may pro-
vide worthwhile information about
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the quality of sleep, especially when
combined with other measurements.
We have found that major boedy
movements are associated with a de-
crease in basal skin resistance and a
high amplitude GSR which suggests
a partial arousal at that time, This
change is not due simply to electrode
artefact because it occurs gradually
over several seconds and is much less
dramatic than the sudden decrease
in BSR associated with waking up."
The presence of body movements
may also be indieated by muscle ar-
tefacts in the EEG record, so it is
doubtful if special equipment such as
a piezoelectric erystal in the mattress
is necessary.

Personal Observation.—Aftempts
have heen made, particularly with
children, to evaluate hoth the dura-
tion and quality of sleep by in-
termittent observation.” This meth-
od is clearly limited in that a subject
may frequently wake up for only a
few minutes without this being ob-
served. The time of initially falling
asleep and finally waking up usually
could not be obtained with a resolu-
tion of less than about 15 minutes.
Nevertheless, Platman and Fieve®

showed that the total time which

psychiatric patients spent awake in
bed atiempting to sleep, estimated
by nurses’ observations every half
hour, distinguished periods of de-
pression from recovery periods. Some
of the objections to this method can
be overcome by continuous observa-
tion of the sleeper, for instance, by
watching on closed-cireuit television
from another room." However, it re-
mains difficult to distinguish periods
of quiet wakefulness from sleep.
Other Methods.—Many other physi-
ological factors have been shown to
vary during sleep., Heart rate, blood
pressure, and respiratory rate all
tend to decrease during NREM sleep
and to increase and show greater
variability during REM sleep.”* Pe-
nile erection occurs during most peri-

ods of REM sleep in males.” Vari-
ations such as these have mainly
been of interest in relating psycholog-
ical aspects of sleep and dreams to
bodily changes™ There {8 some evi-
dence to suggest that subjectively
poor sleepers continue to have rela-
tively high levels of activation of the
central nervous system compared to
good sleepers, even in delta-wave
sleep.’® This view is supported by the
finding of a significant elevation in
the level of adrenocortical activity,
day and night, in subjects with even
minor degrees of sleep disturbance
(Johns MW, Gay TJA, Masterton JP,
Bruce D, unpublished data). Some
such biochemical measure may pro-
vide a routine method for assessing
the restfulness or otherwise of sleep,
at leagt for comparisons within in-
dividuals.

Routine measurements of arousal
threshold during the night by
presenting graded stimuli and elieit-
ing behavioral responses have not
heen widely carried out, presumably
because they are difficult and involve
disturbing the very sleep which one
is trying to assess. However, an un-
usual method of testing hypnotic
druogs in humans has been based on
the resistance to being waked by in-
creasing bladder pressure as a result
of drinking a large volume of water
before sleeping.™

Automatic Methods of Sleep Analysis

We haye seen that there are many
different measurements which can be
used to assess objectively the dura-
tion and quality of human sleep. In

some instances these measurements

involve equipment which is com-
plicated and expensive. A common
approach in recent years has been to
use a polygraph to record several
measurements at the one time on pa-
per, the speed of which has been de-
termined largely by the need to run
the EEG at fagt chart speeds to fa-
cilitate visual scoring. This leads to
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Fig 5.—Simultaneous recordings during various stages of sleep of (1) the integral
over 20 sec periods of EEG activity passing a 2 Hz filter, (2) EOG showing greatest ac-
tivity during stage REM, (3) GSRs which decrease on going to sleep initially but reap-
pear in bursts during the night, (4) BSR which increases gradually until near the end of
the night's sleep. If decreases sharply upon waking.

the aceumulation of thousands of
feet of paper for every few patients
studied.® Having produced such yo-
lumineus reecords, the reproducible
and accurate seoring of sleep stages
from the EEG and EQOG remains
difficult and time consuming.

Several attempts have been made
to make sleep analysis simpler and
more reliable by using automatie
EEG analysis. Use has been made of
analogue systems to integrate the
amplitude of the raw EEG or some
portion of it passing particular band-
pass filters which may be of electro-
mechanical or electronic type. =
Digital computers have been used to
provide frequency analysis by count-
ing base line ¢rossings of the raw
BEG or its first derivation.’ Fourier
analysis has provided spectra of
power or amplitude versus frequency
for short segments of EEG, the
shape of which can be recognized by
multiple regression or diseriminant
analysis to be characteristic of par-
ticular sleep stages.”* Most of these
methods have provided eriteria by
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which some of the sleep stages may
be distinguished by using on-line or
off-line automatic analysis. However,
analysis based on the EEG alone has
not proved very reliable in dis-
tinguishing drowsiness from stage 1
or stage REM.* In addition, the high
cost of digital computer analysis of
all-night sleep EEGs and the rela-
tively large volume of information
which it produces have decreased its
value. No such system of analysis has
yvet proved sufficiently reliable or
simple to justify its frequent or rou-
tine use in all-night sleep monitoring.

A complex system for sleep analy-
sis has been designed by Kripke et
al® and is based on EEG, EMG,
EOG, ECG, and respiration data.
This system has bandpass filters, reec-
tifiers, and integrators for the EEG
and EMG. Digital output is produced
for each channel of information and

then a computer is used with a step-

wise diseriminant analysis program
for data analysis.

We have developed an analogue
method for sleep analysis based on

the EEG, EOG, and skin resistance
measurements. The integral over-20-
seconds segments of the rectified
EEG signal passing a 2 Hz band-pass
filter provides an analogue signal
which is proportional to the number
and amplitude of delta waves in the
raw EEG. This readily distinguishes
stages 2, 8, and 4 sleep but does not
reliably distinguish drowsiness from
stage 1 or stage REM sleep. How-
ever, continuous skin resistance mea-
surements provide a simple method
for distinguishing wakefulness from
gleep. Similarly, the EOG dis-
tinguishes stage REM periods at the
time when skin resistance recordings
indicate sleep rather than wakeful-
ness and the EEG analysis indicates
stage 1-type EEG (Fig 5). This com-
bined information can be recorded
on-line at very slow chart speeds so
that the details of an entire night's
sleep are available on a few feet of
paper. Much paper, time, and effort
are saved by this method when com-
pared with the usual paper write-ott
of the BEG. A disadvantage of the
automatic analysis eguipment which
has been used so far is that it must
be: ealibrated for each experimental
subject’s EEG in known sleep stages.
This involves visually scoring small
samples of the raw EEG and relating
the stage of sleep to the amplitude
of the analogue signal derived from
the BEG analysis. Further work is in
progress to develop analogue analy-
sis eguipment which does not require
such calibration for each night's
recording.

Comment

The best method to use for a par-
ticular investigation of sleep will de-
pend on the specific objectives, the
number of experimental subjects,
and the equipment which must be
used. It now seems clear that no
single method of sleep assessment,
whether subjective or ebjective, ean
give enough information to permit

Human Sleep/Johns



neglect of other methods.

Subjective responses by groups of
subjeets to a detailed sleep question-
naire or daily sleep records ecan in
most cases give estimates of such
parameters as delay to sleep onset,
number of night awakenings, and to-
tal duration of sleep which will be
accurate to within a few minutes.
These estimates may involve larger
errors: when individual reports in
normal subjects are considered, and
especially so in the elderly and in
patients with funetional or organic
psychiatrie illness. There is some evi-
dence fthat subjective reports give
more reliable information about cer-
tain aspects of sleep at home than do
detailed EEG studies in the sleep
laboratory which tend to make sleep
more disturbed than usual. Also,
people often sleep for short periods
during the day, and may catch up on
a minor sleep loss by sleeping longer
during the weekend, variations
which only subjective methods can
describe.

In those circumstances where aceu-
rate and detailed information ahout
sleep in individual subjects is re-
quired, the EEG forms the basis of
the method of choice but it must be
eombined with the EOG and perhaps
also the EMG, skin resistance, or
other measurements, The EEG is re-

quired to give the stage of sleep, but

must be interpreted with the reser-
vation that drugs and metabolic dis-
turbances may cause dissociation be-
tween behavioral and EEG signs of
sleep and wakefulness. Therefore it
is unwise to rely too heavily on the
EEG alone as the indicator of sleep.
Skin resistance meastirements have
proved valuable alone or in com-
bination with the EEG and EOG, es-
pecially when the latter recordings
involve analogue signals derived
from sleep analysis systems.

In future, sleep research should pay
more attention to information about
the quality of sleep other than that
inferred from EEG stages. Johnson
el al™ have reported that the clinical
and psychological ratings of chronie
aleoholies: were related less to the
amount of any particular stage of
sleep than to the overall quality of
sleep as measured by latency to on-
set, number of awakenings, and total
duration of sleep. All of these mea-
surements could have been made eas-
ily from skin resistance recordings
alone.” The use of better automatic
and integrated systems for sleep
analysis which are based on seyeral
factors and a better understanding
of biochemieal changes eventually
may enable ug to explain the func-
tion of sleep and the effects of its
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disturbance on the physieal and psy-
chological well-being of patients.

Summary

There has been a great increase in
sleep research in recent years, the re-
sults of which are of increasing rele-
vance to general medicine and sur-
gery. In this review, most of the sub-
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