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Nocturnal oesophageal motor activity is dependent
on sleep stage

F Castiglione, C Emde, D Armstrong, C Schneider, P Bauerfeind, G Stacher, A L Blum

Division of
Gastroenterology,
CHUV/PMU, Lausanne,
Switzerland
F Castiglione
C Emde
D Armstrong
P Bauerfeind
A L Blum

Psychophysiology Unit,
Departments of
Psychiatry and Surgery I,
University ofVienna,
Vienna, Austria
C Schneider
G Stacher
Correspondence to:
Dr D Armstrong, Intestinal
Diseases Research Unit,
McMaster University Medical
Centre, 1200 Main Street
West, Hamilton, Ontario
L8N 3Z5, Canada.

Abstract
Simultaneous overnight oesophageal pH and
manometric and sleep electroencephalo-
graphic recordings were performed in eight
healthy subjects, aged 20-38 years, to test the
hypothesis that the frequency of primary,
swallow related contractions decreases pro-
gressively with deeper sleep stages whereas
the frequency of secondary contractions
remains constant throughout the night. During
the nocturnal period (2300 to 0700), periods of
oesophageal motor quiescence were inter-
spersed by clusters of contractions detected 5
and 15 cm above the lower oesophageal
sphincter. Primary contractions decreased in
frequency from 142/min (median) during
arousal periods to 0.22/min during stage 1
sleep, 0-05/min during stages 2 to 4 combined,
and 0-03/min during rapid eye movement
(REM) sleep. Secondary contractions were
also most frequent during arousal periods
(0-51/min) and they, too, decreased in fre-
quency during stage 1 (0.35/min) and stages 2
to 4 combined (0-08/min). During REM sleep,
however, the frequency of secondary contrac-
tions increased (0.50/min) to levels noted
during arousal and stage 1 sleep. Compared
with primary contractions, secondary contrac-
tions had a lower amplitude (51.9 hPa v 76-0
hPa; p=00078) and a shorter duration (3.08 v
4-06 s; p=00078). The results of this study
suggest that there is no intrinsic oesophageal
motor activity in the absence of a stimulatory
input from the central nervous system and that
the increased number of secondary contrac-
tions during REM sleep may be a result of an
REM related increase in autonomic nervous
system activity although a temporary decrease
of efferent inhibitory influences cannot be
ruled out. Nocturnal contraction clusters
comprise both primary contractions during
arousals and stage 1 sleep and secondary
contractions during REM sleep.
(Gut 1993; 34: 1653-1659)

Oesophageal motor activity may be modulated
both by central factors, such as psychological
stress1 and peripheral factors, such as the size,
viscosity, and temperature ofa swallowed bolus,2
but it is difficult to differentiate clearly between
the participation of the central and peripheral
modulators. If, however, one assumes that
central processes, and particularly those under

voluntary control, become less important as a
subject progresses from wakefulness to deep
sleep, one could attribute any residual oesopha-
geal activity during deep sleep to peripheral
mechanisms. This study was designed to investi-
gate the dependence of normal, nocturnal oeso-
phageal motor activity on the state of central
nervous system arousal. Specifically, the hypo-
theses tested were firstly, that primary, swallow
related contractions decrease in frequency as the
depth of sleep progresses from stage 1 (light
sleep) to stage 4 (deep sleep) and secondly, that
secondary contractions, unrelated to swallow-
ing, are comparably frequent during all sleep
stages because they are initiated by local stimuli,
independently of any central events.
The hypotheses were tested by making simul-

taneous overnight oesophageal pH, manometric
and electroencephalographic recordings to assess
whether oesophageal motility varies with respect
to sleep stages or the occurrence of gastro-
oesophageal reflux.

Methods and subjects

SUBJECTS AND STUDY PROTOCOL
Eight healthy subjects, three women and five
men (median age 24 years, range 20-38), all of
whom received remuneration for their participa-
tion, were studied. No subject had a history of
gastrointestinal or other intercurrent illness,
oesophageal symptoms or sleep disturbances and
none was receiving any treatment. All subjects
gave written informed consent; the study was
conducted with the approval of the local ethical
committee in accordance with the Declaration of
Helsinki.
One week before the recordings, a routine

manometric examination was performed in
each subject, using a low compliance perfused
capillary system3 to localise the lower oesopha-
geal sphincter and to exclude oesophageal motor
abnormalities. For the nocturnal recordings, the
subjects arrived in the laboratory at 1700 having
fasted from 1200. The combined oesophageal
pH and manometric recording assembly was
passed transnasally and advanced until it reached
the stomach. A rapid pull through was per-
formed to confirm the position of the lower
oesophageal sphincter and the assembly was
positioned such that the pH electrode and the
more distal of the two pressure transducers were
located 5 cm above the lower oesophageal
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sphincter, while the more proximal pressure
transducer was 15 cm above the lower oesopha-
geal sphincter. The pH and manometric record-
ings started at 1800 and lasted for 18 hours;
the subjects ate standardised meals at 1900 and
0730. The electroencephalogram, electro-
oculogram, pharyngeal electromyogram, and
body movement electrodes were positioned
between 2130 and 2230 and the polyhypno-
graphic recordings started at 2300. The lights in
the laboratory were switched off between 2300
and 0700. The polyhypnographic recording
equipment and the observer were located in a
small room adjoining the laboratory, which
could be entered without disturbing the subject.

COMBINED OESOPHAGEAL MANOMETRIC AND pH
METRIC SYSTEM
The oesophageal pH and manometric recording
and analysis system" used a measuring assembly
consistinj
combine(
Radiome
and two ,

P5F; Ho]
other, 10
was conr
logger (L
Berlin, G
for pH da
recordinj
computei
Sunnyval
operating
USA) foi
back up c

ELECTROENCEPHALOGRAPHIC, ELECTRO-
OCULOGRAPHIC, AND ELECTROMYOGRAPHIC
RECORDINGS
Continuous all night polyhypnograms were
recorded with a Beckman R-411 Dynograph
Recorder (Sensormedics, Anaheim, CA, USA),
which was calibrated before all recordings. The
electroencephalographic recordings were
derived from frontal (F7-F8), occipital (01-02),
and central (Fz-Cz-Pz) electrodes according to
the 10-20 International System7; electro-
oculographic electrodes were placed 1 cm lateral
to the outer canthi of the eyes (left eye - Al and
right eye - A2). Swallow related electromyo-
graphic recordings were obtained using two
cutaneous electrodes fixed bilaterally in the
submental region and body movements were
monitored with an acceleration sensor fixed to
the left forearm.

g of a silicone tube incorporating a DATA ANALYSIS
d glass pH electrode (GK 2801C, The polyhypnograms were synchronised with
ter Copenhagen, Denmark) at the tip the oesophageal pH and manometric recordings
solid state pressure transducers (MTC- to permit combined analysis. The electroence-
neywell), one located at the tip and the phalographic, electro-oculographic, and body
cm proximal to the tip. The assembly movement recordings were evaluated manually;
nected to a 1 Mbyte solid state data sleep stages were scored blindly in 30 second
,Z-105mano; Kaufhold Ingenieurburo, epochs.8 If body movements were noted in
rermany) with sampling rates of05 Hz conjunction with the electroencephalographic
ata and 5 Hz for pressure data. After the features ofrapid eye movement (REM) sleep, the
g, all data were transferred to the host relevant 30 second epoch was subdivided and
r (Atari Mega-ST4; Atari Corporation, only the segment not associated with body
le, CA, USA) running under the OS-9 movements was registered as a REM phase. The
system (Microware, DesMoines, IA, time ofonset and duration of the individual sleep

r automated analysis4 and subsequent stages were noted and used to calculate the
on longterm storage media. overall duration of the respective sleep stages in

each subject. Waking periods were subclassified
into those that came before the subjects' first
period of sleep and 'spontaneous' arousals,
which occurred after the subject had first gone to

A sleep, including the final arousal periods that
lasted until the end of the recording at 0700.
An initial analysis of the oesophageal pH and

manometry recordings determined the total
number of gastro-oesophageal reflux episodes
(periods of oesophageal pH <4) and the total
reflux time (percentage of the recording during
which pH <4)9 '° in addition to the number of

Â\\\\ propagated and non-propagated contractions.4 A
/ \\U propagated contraction was defined as a contrac-

tion detected by the distal pressure transducer no
less than one and no more than 10 seconds after
its detection by the proximal transducer. All
other contractions, whether simultaneous
or segmental, were considered to be non-
propagated.
The computerised analysis of the combined

electroencephalographic, electro-oculographic,
pharyngeal electromyographic, and oesophageal

__42 data for the period from 2300 to 0700 allowed
the determination of the number, type, and
characteristics of all contractions with respect

2 3 4 R to arousal and the various sleep stages.
Oesophageal contractions associated with

Sleep stage pharyngeal electromyographic activity were con-
sidered to be primary, swallow related contrac-

sleep stages I to 4, rapid eye movement sleep (R), tions; in the absence of electromyographic
sleep, excluding the wakingperiods at the start and
Paluesfor each subject and horizontal bars, the acovty, contractions were considered to be

secondary or swallow unrelated. The character-
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Figure 1: Total time spent by each subject in
and periods ofspontaneous arousal (A)from s
end ofthe night. Triangles show individual z
group median values.
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Figure 2: Mean time spent
hourly by each subject in
sleep stages I and 2 (cross-
hatching), sleep stages 3 and
4 (diagonal hatching) and
rapid eye movement (REM)
sleep (solidfill). Subjects
were awakefor the
remainder ofthe time;
subjects were awakefor a
mean of 13-2 minutes before
falling asleepfor the first
time; thereafter, all periods
ofwakefulnessfollowed
spontaneous arousals.

I I I I I I I I
0000 0100 0200 0300 0400 0500 0600 0700

Time of recording

REM sleep and that secondary contractions were
comparably frequent during all sleep stages. An
exact version of the Wilcoxon signed rank test"
was used in a descriptive analysis to compare
contraction characteristics during day and night
time periods and also to compare primary and
secondary nocturnal propagated contractions
with respect to amplitude, duration, area under
the curve, and propagation velocity.

Results
All subjects slept well; stage 2 sleep predomi-
nated and spontaneous arousals were short last-
ing (Fig 1). The mean time taken for the subjects

lyhypnogram

istics of nocturnal contractions were compared
with those of daytime contractions during the
combined non-meal daytime periods from 2000
to 2200 and 0800 to 1000. Combined 10 hour
printouts (2200 to 0800) of the pH and mano-
metric data, pharyngeal electromyographic
events, and the various sleep stages permitted a
detailed inspection and analysis of all recordings.
Data are presented as the median and range

(minimum to maximum) throughout. Fried-
man's test, followed by the Wilcoxon-Wilcox
location test if appropriate, was used to test the
hypotheses that primary contractions were more
frequent during the waking state and during
stage 1 sleep than during deep (stages 2 to 4) and

SleeP 2 T

Kin FL
2200 2300 0000 0100 0200 0300 0400 0500 0600

Figure 3: Representative 10
hour segment ofan
oesophagealpH and
manometric recordingfrom
2200 to 0800 showing the
relation between sleep stages
and oesophageal activity.
The uppernost panel depicts
sleep stages (rapid eye
movement sleep represented
by solid areas) and the second
panel, submentall
pharyngeal
electromyographic (EMG)
swallowing activityfrom
2300 to 0700. In the third
andfourth panels, vertical
bars show the time of
occurrence and amplitude of
all contractions 15 cm and
5 cm, respectively, above the
lower oesophageal sphincter
(LOS). The fifth panel
shows oesophagealpH as
recorded 5 cm above the
LOS.
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5- declined, while the proportion of each hour
spent in REM sleep increased towards morning
(Fig 2). The pattern of sleep was similar in all

A subjects: 45 to 70% of the night was spent in
4 - \ stage 2, 10 to 15% in each of the arousal, stage 1

and REM sleep phases, and the remaining 5 to
10% in stages 3 and 4 combined. The median
durations of the separate sleep phases were 2 min
(range: 1 to 5-5 min) for the arousal periods,

) 3\ 3 min (2 5 to 5 min) for stage 1, 12 min (7 5 to
._ g ^ 24 5 min) for stage 2, 3 5 min (1 *5 to 12) for stage

AQi \ 3, 2 min (0 to 6 min) for stage 4, and 14 min (6 to
.0 a ^\\ \A25 min) forREM sleep.o0

0 ° | \ A representative 10 hour recording (Fig 3)
2 shows a lower contraction frequency during the

o k1\ A sleep period (2300 to 0700) than during the one
NA hour periods of wakefulness before and after

sleep; contraction frequency and amplitude were
maximal during breakfast (0730 to 0800). Over-

A A\>v\ / night, long periods of oesophageal inactivity
I\A/ it were interspersed by bursts of contractions

I\\A that coincided with arousal, stage 1 and early
A morning REM sleep; contraction frequencies

A L :ie* * were low during stage 2 sleep. Pharyngeal
0 electromyographic activity was seen almost

A 12 3 4 R exclusively during periods of transient arousal.
Sleep stage In the recording shown (Fig 3), as in the other

recordings, there were no episodes of gastro-
Figure 4: Contraction frequencies per minutefor all contractions during periods ofspontaneous oesophageal reflux detected between 2300ad
arousal (A), sleep stages I to 4 and rapid eye movement sleep (R). Triangles show the g . an
contraction frequency for each subject and horizontal bars, the group median contraction 0700 that might have accounted for the bursts of
frequencies. motor activity.

to fall asleep was 13-2 min but, thereafter,
periods of spontaneous arousal lasted a mean of
2 3 to 7 1 min per hour rising to 11-3 min in the
final hour from 0600 to 0700 (Fig 2). The
proportion of time spent in sleep stages 3 and 4

U)
U1)
0C

a)
03
01)
C

0._cB
._ .~

0 a
0C0

0.

00.
C
a

0
z

A 1 2 3 4 R

Sleep stage
Figure 5: Contraction frequencies per minutefor propagated (L
contractions (right panel) during periods ofspontaneous arousa
rapid eye movement sleep (R). Triangles show the contraction,
horizontal bars, the group median contraction frequencies.

287

OESOPHAGEAL pH
Subjects had a median of 15 (range: 10 to 31)
episodes of gastro-oesophageal reflux, almost all
of which occurred postprandially. During sleep,
two subjects each had one reflux episode: one
occurred at the start of the first phase of stage 1
sleep, at 2300, and the second occurred during a
transient arousal just before 0600. In each case,
contraction frequencies were higher during the
four minute period extending from two minutes
before to two minutes after the onset of reflux
than they were during the remainder of the
night: 2-7 v 0-32 contractions/min in one subject
and 3-5 v 0-58 contractions/min in the other
subject. Primary contractions constituted 67% of
all reflux related contractions; this was compar-
able with the percentage of contractions that
were swallow related during periods of wakeful-
ness (see below).

| OESOPHAGEAL MOTILrrY
The overall contraction frequency during non-

A
\\\ / meal daytime periods (median: 1 63/min; range:

A\\'\\\ , 1-01 to 1-98) was lower than during transient
nocturnal arousal periods (Fig 4) although the

A frequency of daytime propagated contractions
A^ .'A v (median: 0-65/min; range: 0-37 to 0 86) was

)*\\ \/7 similar to that of nocturnal propagated contrac-
tions (Fig 5). The frequency of all contractions
(Fig 4), both propagated and non-propagated,

A 1 2 3 4 R decreased considerably in stage 1 sleep and
Sleep stage continued stages (Fig 5).

Sleep stage Stages 3 and 4 constituted only a small part of the

eft panel) and non-propagated recording and, as they were associated with very

frequencyfor each subject and low contraction frequencies, they were com-
bined with stage 2 for all subsequent analyses.

2 5

cn 2
a)

._C

0)

cB
a)

C) 15

CC0*

-01-
.0 .

C

00

a)

0)
co
0.
0

0-5-

0

1656

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.34.12.1653 on 1 D

ecem
ber 1993. D

ow
nloaded from

 

http://gut.bmj.com/


Nocturnal oesophageal motor activity is dependent on sleep stage

Primary

2
Cn
a)

cJ
a)

0~
U-

0-~

c) a)

O-

C

E

1

0*5

0

Secondary
2 5

cn
.a)

0)c0

CT

o E
0.

CO
O C
0

-o
cu~0
0

a)

A

2

1 5

0 5

0

A 1 2 3 4 R

Sleep stage

A 1 2 3

Sleep stage

Figure 6: Contractionfrequencies per minuteforprimary(leftpanel) and secondary coa
(right panel) during periods ofspontaneous arousal (A), sleep stages I to 4 and rapid e
movement sleep (R). Triangles show the contraction frequencyfor each subject and ho;
bars, the group median contraction frequencies.

During REM sleep, the frequencies
propagated and non-propagated conti
increased to those seen during stage 1.
the day, 38% (range: 34 to 49%) of a

TABLE I Median number (range) ofprimary and secondary contractions per minute a
different sleep stages

Sleep stages
Contraction
(no/min) Awake 1 2,3,4 REM

Primary 1-42 0-22 0 05 0-03
(0 67-3 76) (0-09-0-42) (0-02-0 18) (0 0)

Secondary 0 51 0 35 0-08 0 50
(0 32-1-35) (0-18-1 04) (0 03-0 35) (0 1I~~~~~~~~~~~~~~~~~*~**-1

Statistically significant differences between contraction frequencies in the various sleep stag
shown by *(p<0.05) and **(p<0.01) (Wilcoxon-Wilcox test after Friedman's test). REM=
movement.

TABLE II Propagated contraction characteristics during day and night time periods

Time period

Night time

Contraction variable Daytime total Night time total Primary Second

Amplitude (hPa) 54-3 68-0 76-0 51-9
(36 2-79 4) (41 0-93-9) (46-5-108) (37

p=0-109-1 p=0-00781
Duration (s) 3-16 3-65 4106 3 08

(2 53-3-59) (2-95-4-10) (3-26-5-28) (2-8
p=0 0234-1 ~p=0-00781

Area under curve 100 146 185 101
(hPa/s) (58-0-167) (74 8-236) (105-304) (65-

p=0 0156-1 p=0 00781
Propagation velocity 2-72 2-61 2-66 2-75

(cm/s) (2 72-3 24) (2-44-3 68) (2-27-2-98) (1 9
p=0-601-1 p=0250

Median values (ranges) are presented for each time period. Comparisons were made betwee
night time periods and between primary and secondary contractions during night time: twc
values, calculated using an exact version of the Wilcoxon matched pairs signed rank test,"l a
p Values smaller than 0-05 were considered to indicate a significant difference.

tractions were propagated; this proportion
remained comparatively constant during
transient arousals (median: 42%; range: 20 to
66%), stage 1 (median: 31%; range: 12 to 46%),
stages 2 to 4 (median: 33%; range: 3 to 52%), and
REM sleep (median: 25%; range: 5 to 57%); non-
propagated contractions were predominantly
distal segmental events detected 5 cm above the

v lower oesophageal sphincter.
Primary and secondary contractions could be

differentiated only during the nocturnal period
when swallow related electromyographic data
were available. Primary contractions decreased
considerably in frequency once the subjects
entered stage 1 sleep; further decreases were seen
in stages 2, 3 and 4 combined, and in REM sleep
(Fig 6). Nocturnal arousals, stage 1 sleep, and
REM sleep were associated with comparable

A frequencies of secondary contractions that were,
for all three periods, higher than the frequency of
secondary contractions during stages 2, 3 and 4
combined (Table I). During arousal, 74%

i t/>s (range: 50 to 90%) of all contractions were
primary; their frequency decreased to 35%

4 R (range: 15 to 52%) in stage 1, 40% (range: 0 to
67%) in stages 2 to 4, and 6% (range: 0 to 23%)
during REM sleep. Of the secondary, swallow

,tractns unrelated contractions, a median of 12% (range:
rizontal 3-3 to 17-4%) were propagated whereas 66%

(range: 39 to 85%) of swallow related contrac-
tions were propagated.
The duration and the area under the curve of

Df both nocturnal propagated contractions were gener-
ractions ally greater than those of non-meal daytime
During contractions (Table II) but neither the nocturnal
all con- amplitude nor the nocturnal propagation

velocity differed significantly from their respec-
luring tive daytime values. During the night, primary
turing contractions had a greater amplitude, duration,

and area under the curve than secondary contrac-
tions; the contraction types did not differ with
respect to propagation velocity (Table II). Over-
all, the nocturnal period contained higher pro-

1-0- 17) portions of high amplitude (>200 hPa) and
er -1 prolonged (> 10 s) contractions, typified by
ir Figure 7, than did the non-meal, daytime
3-1-70)

periods (Table III).
F-1

Discussion
,es are Th
apid eye The results of this study show clearly that

nocturnal oesophageal motor activity is sleep
stage dependent. The first hypothesis - that the
frequency of primary contractions would
diminish progressively in the deeper sleep stages
- is supported by these findings. In contrast, the
second hypothesis may be rejected: secondary

iary contractions also decreased slightly during light
sleep, with a considerable decrease during stages

7-672) 2, 3 and 4 but, unlike primary contractions, they-I were as frequent during REM sleep as during
8-3-62) periods of arousal.

The durations of the different sleep stages
7-144) were similar in all volunteers although the total
-I duration of REM sleep was shorter than in
-3 95) previous reports,'2 probably because it was

decided that body movements should preclude
on day and the classification ofan epoch as REM sleep. This
-sided p would also explain the low incidence of REM

related primary contractions as REM related
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Figure 7: A two minute
segment ofa nocturnal
oesophagealpH and
manometric recording
illustrating an abnormally
prolonged, high amplitude,
multipeaked contraction
(circled) unrelated to an
episode ofgastro-
oesophageal reflux, which
was recorded 5 cm above the
lower oesophageal sphincter
(LOS) during rapid eye
movement sleep.
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swallowing activity has been reported to be
associated strongly with movement arousals.'3
This study examined the incidence of swallowing
activity only in so far as it related to oesophageal
contractions; thus, it is possible that REM sleep
is associated, none the less, with an increased
incidence of abortive swallows.
As in previous studies,'415 there were long

periods of nocturnal oesophageal motor quiesc-
ence interspersed by bursts of contractions. It is
possible that these contraction bursts were
caused by episodes of gastro-oesophageal reflux
or that they were related to the onset ofmigration
motor complexes in the upper gastrointestinal
tract. Contraction bursts, however, were seen in
all subjects despite the fact that only two gastro-
oesophageal reflux episodes were seen between
2300 and 1700 in the eight recordings. It,
therefore, seems unlikely that gastro-oesopha-
geal reflux was an important stimulant of
oesophageal motility in these healthy subjects,
although it is conceivable that the contraction
bursts were provoked by episodes of gastro-
oesophageal reflux that were not detected by the
pH electrode 5 cm above the lower oesophageal
sphincter. The lower oesophageal sphincter, and
possibly the distal oesophageal body, may
participate in up to 50% of migrating motor
complexes. This study did not examine migrat-
ing motor complex activity directly but the
results do suggest that oesophageal activity is

TABLE III Cumulative numbers of'atypical' (amplitude
>200 hPa or duration >10 s) and normal (amplitude <200
hPa or duration < 10 s) contractions recorded during daytime
and night time periods in all subjects

No ofcontractions
Contraction
charactenstics Daytime Night time p*

Amplitude:
>200 hPa 20(0.43%) 23 (0 87%) 0-0244
<200 hPa 4677 2619

Duration:
>lOs 31 (0.66%) 31 (1-2%) 0-0239
<lOs 4666 2611

*Fisher's exact test (2 sided): night time v daytime.

related to sleep stages. Despite evidence to
suggest a relation between REM sleep and the
onset of duodenal migrating motor complexes,'7
no clear correlation has been established between
sleep and the occurrence of migrating motor
complexes'8 and as, furthermore, oesophageal
activity seen in this study did not show the 60 to
90 minute periodicity characteristic of migrating
motor complexes, it seems unlikely that most
oesophageal contraction clusters are migrating
motor complex related.
The frequency of oesophageal contractions

differs considerably between sleep stages with an
appreciable decrease from stage 1 to stage 2
sleep. The nocturnal motility pattern - long
periods of oesophageal motor inactivity inter-
spersed by bursts of contractions - seen in
previous manometric studies6 1415 is probably
attributable, in part, to prolonged periods of
stage 2 sleep, associated with stages 3 and 4,
during which centrally originating stimulation of
oesophageal contractions is virtually absent.
Contraction bursts seem to depend on two
different mechanisms: swallowing, shown by
pharyngeal electromyographic activity, leading
to primary, propagated contractions is respons-
ible for motor activity during periods of short
term arousal. On the other hand, secondary
contractions and non-propagated contractions,
unrelated to swallowing, are generally of lower
amplitude and shorter duration than primary
contractions and are more typical of the some-

what longer REM sleep phases despite the
occurrence of occasional prolonged, high ampli-
tude contractions during REM sleep (Table III,
Fig 7).
The high rate of secondary contractions

during REM sleep raises two possibilities with
regard to the control of oesophageal motor
activity. On the one hand, it is possible that the
oesophagus is intrinsically active and that it is
usually subject to a tonic inhibitory input; aboli-
tion of this inhibitory input during REM sleep
would then allow the oesophagus to contract in
a disorganised, non-propagative manner.
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Nocturnal oesophageal motor activity is dependent on sleep stage 1659

Secondary contractions are virtually absent,
however, during sleep stages 2, 3 and 4 suggest-
ing that the oesophagus is not, like more distal
parts of the gastrointestinal tract, intrinsically
active and, thus, potentially autonomous.
Alternatively, secondary contractions seen
during REM sleep may be related directly to
REM associated changes in sympathetic and
parasympathetic nervous activity,'9 which have
been implicated in the large variations in heart
rate and other cardiorespiratory functions seen
during REM sleep.'920 The lower amplitude,
smaller area under the curve, and shorter
duration of secondary contractions compared
with primary contractions implies that the two
contraction types may be controlled differently
as well as being initiated differently. Because
secondary contractions are not initiated volun-
tarily or in response to pharyngeal stimuli, they
may be less likely to respond to a luminal bolus
by increasing contraction amplitude or duration.
The findings that prolonged or high amplitude

contractions are more likely at night than
during the non-meal daytime and that primary
nocturnal contractions have a higher amplitude
and a greater area under the curve than daytime
contractions should be borne in mind when
interpreting longterm manometric recordings,
particularly ifthe person is being investigated for
non-cardiac chest pain. Because, in this study,
several healthy volunteers developed both pro-
longed and high amplitude contractions, pre-
dominantly during REM sleep, the occurrence
of apparently abnormal or pathological contrac-
tion types (Table III, Fig 7) at night should not
be considered sufficient to make a diagnosis of
oesophageal dysmotility, particularly if the sub-
ject has no symptoms related temporally to the
contractions. These apparently abnormal con-
tractions may rather be a manifestation ofheight-
ened arousal and increased autonomic nervous
system activity mentioned previously. 1 19 20
The considerable sleep related variations in

oesophageal motility recorded in this study pro-
vide a basis for studying the roles of central and
peripheral control mechanisms in oesophageal
motility disorders, including gastro-oesophageal
reflux disease. On line analysis of sleep electro-
encephalographic recordings2' is now available
and, in conjunction with oesophageal pH and
manometry recordings, it would allow local
stimulation of the oesophagus by balloon disten-

22212sion, acid perfusion23 or electrical stimulation24
during specific sleep stages. Study of the oeso-
phageal motor response and also, possibly, the
cortical evoked potentials would help to deter-
mine the roles of local stimuli, a subject's
responsiveness to such stimuli and other central
nervous system factors in initiating and modify-
ing oesophageal motility. Similarly, an under-
standing of the cause of 'atypical', prolonged,
high amplitude oesophageal contractions could
lay the foundation for a better understanding of

the pathogenesis of conditions such as diffuse
oesophageal spasm.
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