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Effects of Nocturnal Gamma-Hydroxybutyrate on
Sleep/ Waking Patterns in Narcolepsy-Cataplexy

SUMMARY: Centinuous 48-hour poly-
praphic recordings of sleep [waking pat-
rerns were performed on 14 patients with
cataplexy before and after 7-10
i treaiment of their nocturnal sleep
with gamma-hydroxybutyrate (GHBH).
CGRI improved the guality of night sleep
by increasing the amount of slow wave
slecp, reducing stage |, increasing sleep
of rime in bed Npenr
f'e*a'mmq !fu‘ wumber of
S minuies.
mrm'! (e RL.U‘ m’g epr was reduced in
v oand became less fragmented. The

nareolepsie ‘upmxm onl el i:‘m ent
trentents polygraphigues conrinus de

T

Fwefl-sommed! avant et

fevr
& Hi fessees gpréds Iy
traitement de fewr sommeil nocturne avee

Phydroxyburyrate-gamma. Lo qualité du
sommell nocturne a 816 amdliorde. Ceel &
8¢ expérimentd par une augmentation du
sommell avee des ondes lentes dleciro-
encéphalographiques (les stades 3 et 4) er
de lefti ¢ du sommeil fle pourcentage
i temips nociurne alité avee du sommeil),
et par wne dimunition du siade | fdu
sommeil trés téger ow de la somnolence) et
des périodes rés brives (moins gue |5
minutes) de sonmmell. La latence  des
pericdes avee des pmowvements oculaires
rapides (REM} a éé diminuée ot e
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daytime period contained less slow
e and REM sleep
of profonged slee Pm‘ic gk mrww'*zuw
rediwction or loss of davtime
irvesisitble sleep, cataplectic atracks
ather quxiliary spmproms. Residual day-
time drowsiness subsequently improved on
low deses of methylpheniddate. Tolerance
cmirzm develop and there were no serinus
side-effects. Four of the patients had
ctory [0 previous combinations
sents and  high  doses of

ﬁ';é;nu-’a*rm

sommei! REM est deveaw moins fr
mentd, Le sommeil lent et le sommeil REM
etaient moing fréquents pendane le
mell divene et les dpisodes de sommeil
mains prolongées. Au niveas clinigue, les
malades ont eu wne réduction ou une
disparition d'accés divrnes de sommetd,
o s cataplectiques ef dautres s
tdmes quxiliaires. Une somnolence résidu-
alle et diurne a éié amélivrée avee aes
dosages minewrs de méthylphenidare, 1' n
a ew ai apparition de roldrance ni effers
secondaires rumrfm*s sericnx. ggumm ies
malades ont é1é réfracta awx contbing-
tions préglables d'antiddéprimans tricve-
lfigues et de dosages élevds de produits
stimudants.
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ROGER BROUGHTON and MORTIMUER MAMELAK

INTRODUCTION

Ihe pathogenesis of the excessive
davtime drowsiness and sleep attacks
in narcolepsy, and of the auxiliary
symptoms of cataplexy, h&pmgnnsc
hallucinations, and sleep paralysis
remain poorly understood. The dis-
case appears to result from increased
pressure for sleep or for sub-compo-
nents ol sleep al unexpected times
during the sleep/waking ¢ycle. For
these reasons, central nervous system
stimulants and other types of sleep
suppressing medications have  been
used to control its manifestations
(Zarcone, 1973; Dement et al., 1976).
Little is known, however, about how
such increased pressure develops. In
recent years, investigators have paid
increasing attention to the nocturnal
insomnia, which so paradoxically is a
common complaint in this illness
(Daniels, 1934; Zarcone, 1973:
Dement et al., 1976). Using modern
polysomnographic techniques, it has
been shown that restless night sleep,
interrupted by movements and periods
of wakefulness, is a typical feature of
nareolepsy-cataplexy  (Rechtschaffen
et al., 1962; Broughton and Mamelak,
9:6‘ Mcmtplaiair etal., 1978). Agwell
as being abnormally fragmented, night
sleep is often reduced in total duration
{Rechtschaffen et al, 1962; Montplaisir
et al,, 1978 Mamelak, Caruso and
Stewart, in pressh.

Other  observations made in 2
variety of settings, have also suggested
an  important role for nocturnal
dyssomnia in the development of the
illness, Sleep patterns similar to those
characteristic ol such patients have
been produced by altered sleep sch

1=

dules. For example, attempts have

been made to establish 90 minute

rskadon  and Dement, 1975,
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Carskadon, 1976) or 3 hour (Weitzman
et al., 1974) “days”™ in normal subjects.
In the course of these cxperiments,
which have involved the sustained
fragmentation of sleep, polyvsomno-
graphic patterns identical to those
found in mnarcolepsy have rapidly
emerged. Sleep onset REM pm‘md‘;
and other manifestations of disso-
ciated sleep, such as multipie epochs of
so-called “intermediate sleep™ (Barros-
Ferreira and Lairy, 1976), appeared
within a few hours. Although the full
clinical syndrome was never elicited, it
is conceivable that this might have
occurred had it been possible to
continue these studies for longer timaes,
Indeed, the clinical and polysomno-
graphic patterns of narcolepsy can
develop in pathological conditions
such as sleep apnea which are tvpified
by chronic sleep fragmentation
(Guilleminault et al, 1976). Narco-
lepsy also appears Lo develop prefercn-
tially in other individuals in whom
sleep is chronically disrupted, for
example, in shift workers or in nurses
and doctors who must keep irregular
hours in the course of their duties
(Broughton, 1970). In 50-75% of
idiopathic cases of narcolepsy-cata-
plexy a history of severe sleep depriva-
tion or of irregular sleep habits
preceded the onset of the discase, often
hy many vears (Mitchell and Dement,
1968; Broughton and Ghanem, 1976},
Moreover, in established narcoleptics
the condition characteristically be-
comes unusually difficult to control
when there is any disruption of the
sleep/waking rhythms by shift work,
iat lag, or poor sleep habits (Broughton,

1971; Zarcong, 1973; Broughton and
hhmaum 19763,

Although evidence therefore exists
that preceding nocturnal sleep distur-
bance may have an important role in
the genesis of the condition, and
indeed some authors have included
ordinary hypnotics as part of their
treatment (Daniels, 1934; Zarcone,
1973), the major therapeutic approach
has been to suppress the daytime
symptoms - sleep attacks and drows-
iness with stimulants; and cataplexy
{and other REM-based auxiliary
symptoms) with tricvelic or MAO
inhibitory antidepressants,

We decided to attempt to inc
the continuity and duration of noc
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turnal sleep and to study the effect of
this on the symptoms of the condition,
To achieve this we have used nocturnal
doses of gamma-hydroxybutyrate
(GHB), & central short chain fatty acid
{Doherty ¢t al, 1976) with hypnotic
propertics (Laborit, 1964), We chose
GHB because it had been shown to
promote both REM and slow-wave
sleep  (Mamelak ¢t al, 1977} in
contrast to ordinary hvpmcsm,s which
often suppress these sleep states'(Kales
et al., 1970). GHB also possessed an
additional major advantage over the
usual hypnotics in that animal studies
had failed to demonstrate the develop-

ment of tolerance to the drug’s
hypnotic effects with prolonged use

{Vickers, 1969},

To date, we have treated |6
narcoleptic paticnts with GHB. In a
preliminary communication concern-
ing 4 patients (Broughton and
Mamelak, 1976) and in a companion
article detailing the clinical aspects of
the patients included in the present
report  (Broughton and Mamelak,
19793, we have shown that GHB
markedly improves nocturnal sleep
and that nightmares, hallucinations,
and attacks of sleep paralysis vanish.
During the day, pressure for sleep
becomes less imperative and cataplec-
tic attacks hecome milder and less
frequent. In many paticnts virtually all
symptoms of the disease disappear
when small repsated daily doses of
stimulants are used in combination
with GHB at night. No tolerance has
developed so far for this drug regimen,
nor have there been any serious side
effects, and patients generally find this
treatment much more palatable than
the usual combination of stimulants
and tricvclic antidepressant drugs. In

this paper, we focus on the effects of

GHE upon the recarded sleep/ waking
patterns of our patients.

PATIENTS AND METHODS

Fourteen of the 16 patients {exclud-
ing nos. 2 and 10, for technical
reasons), whose histories are sum-
marized in the previous report
(Broughton and Mameclak, 1979), have
had complete studies of their 24 hour
sleep/ waking patterns, They consisted
of seven males and seven [emales
between the ages of 21 and 57 (mean

41.8 % 13.6). All showed one orseveral
sleep onset REM sleep periods during
the recordings. Nine of the fourteen
patients were seriously debilitated by
their illness and four had not benelited
much from the standard treatments
combining stimulants and antidepres-
sant medication, Before starting GHB,
all previous treatment for narcolepsy
was discontinued for at least two
weeks. The pre-trial assessment in-
cluded a history and physical exami-
nation, hematological, remnal, and
hepam studies, a chest x-ray, FCG,
EEG, and MMPI and a brief psycho-
logical assessment, repeated sub ective
assessment  of sleepiness using the
Stanford Sleepiness Scale (Hoddes et
i, 1973), pupillometry in the Ottawa
studies, and baseline polysomnogra-
phic recardings. After the investigative
and purely voluntary nature of the
study was explained, informed and
signed consent was obtained from each
patient.

The polysomnographic recordings
in the Ottawa patients (N=7) were
made with portable 4 channel Medilog
recorders (Oxford Electrical Instru-
ment Company). This permitted pa-
tient monitoring in their normal
environment and at their usualactivity
levels. The derivations used were Cp-
A, CrA., a combined horizontal-
vertical oculogram and a submental
EMG. Vwenty-four hours of datd
could be recorded on one regular C120
cassctte. In the Toronto studies, the
patients (N=7) were hospitaliced and
the recordings obtained with a Grass
model 78B polygraph. None of the
patients had histories of excessive or
intense snoring suggestive of sleep
apnea, and this symptom was fermally
excluded in the Toronto studies in
which a sufficient number of recording
channels made it possible to monitor
nasal and thoracic respiration, Con-
tinuous 48 hour recordings of the
sleep/waking patterns were obtained
in all patients in the pre-GHB baseline
period and then again after 7 to 10
nights on the drug. During the 48
hour Toronto laboratory recordings.
the pdl‘mts were  encouraged 10
remain in bed except for meals and
bathroom breaks,

An initial 1.5 gm to 2.25 gm (10-15
mly dose of GHBE was given orally 2l
bedtime and followed by one or tWo

GH B and Sleep {waking Patterns in Narcolepsy
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further 1.0 gm to 1.5 gm doses during

the night with any major awakening, if

more than 2.5 hours had passed from
the previous dose. The patients were
required to feel fully alert and clear
headed before taking their next dose.
The duration of GHRB's hypnotic effect
i man is about 2,5 hours (Mamelak et
al., 1977}, which corresponds closely
1o that of its detectable presence in the
blood (Helrich et al,, 1964). In most
patients, two or three doses were given
each night in accord with our objective
of maintaining as continuous a night's
steep as possible. GHB was never given
within two hours of the amic'pmcd
time of the morning awakening in
order to avoitdl hang-over effects. The
total quantity given each night ranged
from 3.75 gm to 6.25 gms, correspond-
ing to an average patient dosage of
about 50 mg/kg.

The polvsomnographic data were
analysed -according te international
criteria (Rechtschalfen and  Kales,
1968) and scored using 40 sec epochs as
wakefulness, stages 1,2, 3, 4and REM
sleep, plus movement time (M1, Le.,
epochs obscured by movement arti-
facts for over 509 of their duration
with previous and succeeding epochs
containing sleep patterns). The night
and daytime portions of the recordings
were analysed separately, The former
was arbitrarily defined as the time
between the onset of night sleep to the
time  of the final awakening for
breaklast. Sleep during the remainder
of the 24 hours was scored as part of
the daytime (Figs. Fand 2). The time of
sleep onset was taken as the beginning
af the first continuwous 10 min of REM
or ol NREM sleep, exclusive of stage
I, which corresponded to the patients’s
\,ubjuztnu appraisal of sleep onset for
the night as scored on the 88 forms,
Since no formal bedtime existed in the
laboratory studies, nor could one be
established in the portable studics, the
iatency from bedtime to sleep onset
was not determined, For each record-
ing period, nocturnal and diurnal, we
caleulated the total sleep times includ-
ing and excluding stage | (which
corresponds to drowsiness and, most
authors agree, not to actual sleep).
Corresponding nocturnal sleep effi-
ciencies refer to the percentages of that
portion of the recordings occupied by
the relevant sleep patterns. Delta sleep

Broughton & Namelak
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latency was defined as the time from
sleep onset to the first continuous 3 or
more min of stage 3 or 4 sleep. REM
sleep latency was defined as the time
from the onset of 3 or more min in
duration of stage 2 to the {irst
continuous 3 or more min of REM
sleep, If REM sleep oceurred before
stage 2, its latency was determined by
measuring the interval between the
beginning of the 3 consecutive min of
REM sleep and the preceding 3
consecutive min of wakefulness. REM
density refers to the percentage of 2 sec
mini-epochs containing one or more
rapid eye movements. The values
obtained fer each REM period were
normalized for its duration and an
average value for cach of the nocturnal
and diurnal recording periods was
determined.

Two further parameters involving
REM sleep were defined in order to
measure the degree of REM sleep
fragmentation. These were REM sleep
efficiencies with and without stage 2,
i.e. other patterns of definite sleep. For
cach REM sleep period, the number of
epochs between the first cmd the last 40
sec REM sleep epoch of that period
was determined. This was designated
the “total REM sleep period duration™,
Beeause of fragmentation, it iucluded
epochs of wakefulness, stage [, MT
and, at times, stage 2, REM sleep
efficiency without stage 2 'c‘h-m to the
percentage of the REM sleep period
duration consisting of RFM sleep
cpochs only, REM sleep efficiency
including stage 2 refers to the percen-
tage of the REM sleep period duration
consisting of epm hs of REM sleep or
of stage 2 sleep, i.e., of definite sleep.
The two i{};M alaep efficiency values
were normalized for each REM slecp
period, and an overall average mean
value for each of the nocturnal and
diurnal recording periods was ob-
tained. In this study, a REM sleep
epoch had to be separated {rom the
closet 'mm:dm;, REM sleep epoch by
at least 15 min to be scored as part of a
separate . REM  sleep  period. The
number of REM slecp periods per
night and their eyele duration, i.c., the
time from the onset of one REM sleep
period to the onset of the next period,
were also caleulated,

A measure for determining the

degree of overall fragmentation of

night sleep was also developed. We
calenlated the number of periods of
sleep, be these NREM, REM, or
combinations of the two, which were
separated from one another by one
min or more of either MT, wakefulness
or stage 1. Depending upon their
duration, these nocturnal sleep periods
were put into five categories; 15 minor
less, 16-30 min, 31-45 min, 46-60 min,
and greater than 61 min, In addition,
we measured the frequency of stage
shifts out of stages 2, 3 and 4
collectively (i.c., out of NREM sleep)
and out of REM sleep. The number of
shifts out of hﬁ‘ former was expressed
per 100 min of the sum of stages 2, 3
and 4 per night, and out of the latter
per 100 min of REM sleep per night.

During the daytime portions of the
recordings, sleep was analysed for the
duration of stages 1, 2, 3,4, REM, and
MT; and the total sleep times including
and excluding stage | were calculated
as above, The number of daytime sleep
periods was also determined. A sleep
period was defined as an episode of
recorded sleep containing at least 3
min of stages 2, 3, 4 or REM sleep, and
preceded and followed by at least 15
min  of wakefulness or stage |
{drowsiness}. These sleep periods were
divided into 3 groups, those of 31-45
miz, of 46-60 min and of more than 61
min, corresponding to the longer
measures  of consolidated sleep at
night.

In this paper, the 48 hours bascline
pelvsomnographic data for each pa-
tient is compared to data after 7 to 10
nights on GHR treatment, The data of
each patient for each of the two 24
hour periods before and after GHR
treatment were averaged before com-
parison. The two tailed Student © test
was applied to each variable, unless
otherwise stated,

RESULTS

The data obtained using cither the
portable outpatient or the laboratoery
inpatient recording uchrli’; ues were
similar. The major difference was in
the sleep patterns which appeared just
before sleep onset at night, The
inpatient recordings usually showed a
period of more or less sustained
wakfulness until sleep onset, which
was then followed shortly by a REM
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Pre-GHE

Figure | — A 48-hour continuous baseline recording in a typical (hospitalized) patient. It illustrates the frequent awakenings during
nocturnal sleep, multiple sleep onset REM periods, fragmentation of REM sleep. and other features of sleep in narcolepsy-cataplexy
(note: in Figs, | and 2 the vertical axis indicates sleep stages, and the horizontal axis the time in hours, REM sleep is shown as a horizontal
white bar at the level of stage |, and movement by small triangles above the sleep stage line. Time zero hours in both lgures was

10:30-1 100 pomL.
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Figure 2 - A 48-hour mw:dinga { the same patient ondays 9and 10 of nocturnal GHB, Times of ad ministration are noted by arrows below
the Elmlmnml axis. The figure illustrates the inereased continuity of nogturnal RE) 1@&;}, the decre in number of nocturnal
awakenings, and the reduction of daytime sleep (despite the subjects having remained quietly in the hospital laboratory while on GHBY.
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