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Respiratory muscle activity during rapid eye

movement (REM) sleep in patients with
chronic obstructive pulmonary disease

J E S White, M J Drinnan, A J Smithson, C J Griffiths, G J Gibson

Abstract
Background - In patients with chronic ob-
structive pulmonary disease (COPD) peri-
ods of hypopnoea occur during rapid eye
movement (REM) sleep, but the mech-
anisms involved are not clear.
Methods - Ten patients with stable COPD
were studied during nocturnal sleep. De-
tailed measurements were made ofsurface
electromyographic (EMG) activity of sev-
eral respiratory muscle groups and the
accompanying chest wall motion using
magnetometers.
Results - Hypopnoea occurred in as-
sociation with eye movements during
phasic rapid eye movement (pREM) sleep.
During pREM sleep there were reductions
in EMG activity of the intercostal, dia-
phragm, and upper airway muscles com-
pared with non-REM sleep. Episodic
hypopnoea due to partial upper airway
occlusion ("obstructive" hypopnoea) was
seen consistently in four subjects while the
others showed the pattern of "central"
hypopnoea accompanied by an overall re-
duction in inspiratory muscle activity. Al-
though activity of the intercostal muscles
was reduced relatively more than that of
the diaphragm, lateral rib cage paradox
(Hoover's sign) was less obvious during
pREM-related hypopnoea than during
wakefulness or non-REM sleep.
Conclusions - Hypopnoea during REM
sleep in patients with COPD is associated
with reduced inspiratory muscle activity.
The pattern of hypopnoea may be either
"obstructive" or "central" and is generally
consistent within an individual. Relatively
unopposed action ofthe diaphragm on the
rib cage during REM sleep is not ac-
companied by greater lateral inspiratory
paradox.
(Thorax 1995;50:376-382)
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Ventilation during rapid eye movement (REM)
sleep is characterised by its variability both
within and between subjects."2 In patients
with chronic obstructive pulmonary disease
(COPD) periods of hypopnoea in REM sleep
result in hypoxaemia, but the precise mech-
anisms are uncertain. In healthy subjects re-
duced respiratory muscle activity has been
shown in REM sleep3-5; this is generally most

marked in those respiratory muscles which also
have a postural function, with activity of the
diaphragm being relatively spared or even in-
creasing. Patients with airways obstruction due
to COPD,"8 have been reported to show a
similar pattern during REM sleep, but the
results have been variable and the numbers of
patients studied in detail are few.
One potential consequence of discoordinate

inspiratory muscle action is recurrent upper
airway narrowing or occlusion. Although early
work on nocturnal hypoxaemia in patients with
COPD suggested that obstructive apnoea was
frequently present,9 the population studied was
highly selected and later work appeared to
refute this conclusion.'0 It has subsequently
been shown, however, that the clinical features
associated with the obstructive sleep apnoea
syndrome can be seen with obstructive hypo-
pnoea rather than complete apnoea." In
patients with COPD it is not clear to what
extent diminished activity of the upper airway
muscles in REM sleep may result in obstructive
hypopnoea and consequent arterial de-
saturation.
Many patients with COPD, airways ob-

struction, and hyperinflation have abnormal
rib cage motion when awake. In particular,
a commonly recognised feature is inspiratory
paradox ofthe lateral rib cage margin (Hoover's
sign) due to indrawing by a flattened dia-
phragm.'2 We postulated that, in such patients,
relative sparing of the activity of the diaphragm
duringREM sleep with suppression ofthe other
respiratory muscles might further impair rib
cage motion and therefore exacerbate oxygen
desaturation.
We studied a group of patients with COPD

to elucidate further the patterns of respiratory
muscle activity in REM sleep and the ways in
which these may result in hypopnoea.

Methods
Ten men with severe COPD and mild to mod-
erate hypoxaemia were studied (table 1). They
were middle aged or elderly and of normal
build, and all but one had hyperinflation (de-
fined as increased functional residual capacity).
None was a regular heavy drinker and all ab-
stained from alcohol for 24 hours before the
study. Four subjects (nos 1-4) showed obvious
lateral rib cage paradox (Hoover's sign) when
examined in the semi-recumbent posture while
awake. All subjects gave informed consent prior
to participation in the study which was ap-
proved by the local ethics committee.
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Table 1 Subject characteristics, pulmonary function and daytime arterial blood gas tensions

Patient Age BMI Motion FEV, FRC RV Pao2 Paco2 Sao2
no. (years) (kg/rM2) awake (%o predicted) (Go predicted) (%o predicted) (kPa) (kPa) (Go)

1 53 19-5 LP 8 243 277 8-3 5-4 91
2 76 23-5 LP 24 172 260 8-8 6-1 93
3 69 28-0 LP 30 197 222 7 2 6-2 87
4 69 19 9 LP 23 210 240 8-1 6-1 90
5 60 21-8 Normal 27 236 294 10 9 5 4 94
6 61 24-5 Normal 46 137 202 - - 90
7 74 21-5 Normal 41 106 309 12-2 2 5 95
8 48 19 2 Normal 11 243 309 7 9 7-7 89
9 53 17-9 Normal 10 279 384 9 0 5-6 94
10 70 18-0 Normal 18 275 111 7 9 4 5 91
Mean 63 21-4 24 210 261 8-9 5-5 91-4

BMI = body mass index; normal = qualitatively normal motion of the lateral rib cage; LP =lateral paradox; FEV, =forced expiratory volume in one second; FRC =
functional residual capacity; RV =residual volume; Pao2= arterial partial pressure of oxygen; Paco, =arterial partial pressure of carbon dioxide; Sao, =oxygen
saturation.

Standard sleep study signals were recorded
throughout a night in hospital following one
acclimatisation night. Arterial oxygen sat-
uration (Sao2) was recorded by a pulse oximeter
using a finger probe (Biox 3700e, Ohmeda,
Louisville, USA), and airflow by thermistors at
the mouth and nose (Oxford Medical, Oxford,
UK). Posteroanterior (RCPA) and lateral
(RCLAT) rib cage motion and posteroanterior
abdominal motion (ABPA) were obtained using
pairs of magnetometers.'3 Transmitter mag-
netometers were positioned in the midline over
the xiphisternum and just above the umbilicus
for RCPA and ABPA, respectively, and over
the left lower costal margin in the mid axillary
line for RCLAT; receiver magnetometers were
positioned at the same horizontal level on the
back or in the mid axillary line. A single channel
electroencephalogram (EEG) Cz/Oz was re-
corded and an electrooculogram (EOG) from
left and right eyes was combined as a single
channel as previously validated.'4 In addition,
for the purpose of the present study, surface
electromyographic (EMG) activity was re-
corded from selected respiratory muscles using
9 mm diameter silver/silver chloride cup elec-
trodes (SLE, Croydon, Surrey, UK) applied to
carefully cleaned and abraded skin with an
impedance of less than 1 kQ. Electrodes were
placed at least 2 cm apart over five groups
of respiratory muscles: (1) the "genioglossus
group" (EMGGe), placed 1 cm to each side of
the midline midway between the chin and the
hyoid bone; (2) the parasternal intercostal
(EMGI,t) muscles lateral to the sternum in the
second intercostal space; (3) the diaphragm
(EMGDi) in the seventh or eighth intercostal
space in the anterior axillary line, on the right
to reduce cardiac artefact; (4) the rectus ab-
dominis (EMGRA) muscle 2 cm lateral to the
umbilicus; and the external oblique (EMGEXOb)
muscle midway between the inferior costal mar-
gin and the iliac crest in the mid clavicular line.
Signals were amplified, filtered at 40-1000 Hz,
rectified, and integrated using a first order low
pass filter with a time constant of 50 ms. Both
integrated and "raw" EMG data were recorded
on digital tape (EDR 128, Earthdata, South-
ampton, UK). The posture of the subject was
recorded with a low light camera (Panasonic,
Japan) and an infrared light using a three hour
VHS videotape (NV-GI8 Panasonic, Japan)
running at half normal speed to give a study
duration of six hours. Synchronisation was
achieved by superimposition of waveforms on

the video image and by placing a clock in view
of the camera.'5 The subject was allowed to
adopt his preferred posture and left to sleep in
the darkened room.
Epochs of wakefulness, non-REM and REM

sleep, as assessed by standard criteria after
Rechtschaffen and Kales,'6 were identified from
a hard copy of the whole study replayed using
a chart recorder (TA4000 Gould, Ilford, UK).
REM sleep was further divided into phasic
(pREM) and tonic (tREM) periods depending
on the presence or absence of eye movements
using a method similar to that described by
Wiegand et al.5 Only periods of sleep with stable
signals and with the subject in his preferred
sleeping posture were analysed. Sixteen such
periods of REM sleep were identified (range
per subject 1-3), together with 29 adjacent
periods of non-REM sleep (range per subject
1-4). The data from these periods were trans-
ferred to a personal computer using an analogue
to digital converter (Dash- 16, Metrabyte,
Taunton, MA, USA). The periods analysed
included mean (SD) numbers of consecutive
breaths of 59 (23) and 64 (18) during non-
REM and REM sleep, respectively. The ana-
lysis was performed using specifically de-
veloped software which calculated the peak
level of integrated EMG activity above elec-
trical zero, recorded from each muscle for each
breath and for the captured section as a whole. 7
Results ofpeakEMG activity in each individual
were expressed as ratios between REM and
non-REM sleep. Apnoea was defined as ces-
sation of airflow and hypopnoea as a reduction
in rib cage excursion of at least 50%, both for
at least 10 seconds. Apnoeas or hypopnoeas
were classified as "obstructive" when (1) rib
cage motion in the posteroanterior dimension
was paradoxical relative to abdominal motion,
and (2) a large increase was seen in EMGGe at
the termination of the event, together with
EEG evidence of arousal. Events were defined
as "central" when there was an overall decrease
in muscle activity accompanied neither by post-
eroanterior paradox nor snoring.

Statistical comparisons of the magnitude of
EMG activity were performed by paired t test
after logarithmic transformation of the ratios
of activity in REM and non-REM sleep.

Results
The subjects generally slept poorly with mean
(SD) sleep efficiency of 45 (20)%. All subjects

377

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.50.4.376 on 1 A

pril 1995. D
ow

nloaded from
 

http://thorax.bmj.com/


White, Drinnan, Smithson, Griffiths, Gibson

2.0 -

1.8- __Intercostal

1.6- Diaphragm

1.4 Geriog Iossils T

12
-1.0-.

0.8-

0-6-

0.4

0.2

1 2 3 5ti 7 8 9 10
Figure 1 Mean (SD) ratios ofpeak EMG activity during phasic REM and non-REM
sleep recorded from intercostal, diaphragm, and genioglossus muscle groups in nine subjects
(subject no. 6 had no pREM sleep). The reductions in intercostal and diaphragmatic
activity in pREM sleep were significant (p<0-002 and p<0 001, respectively) and
intercostal activity was more reduced than that of the diaphragm (p<002). No
satisfactory recordings of EMGG, were obtained from subject no. 10 in REM sleep.

Table 2 Mean (SD) ratios ofEMG activity during
REM and non-REM sleep

Ratio Ge Int Di

tREM/non-REM 1-08 (0 8) 0-69 (0 3)* 0-86 (0 3)
pREM/non-REM 0-56 (0 2)t 0-36 (01)4I 0 55 (0 2)4
Difference between NS p<001 p<0005
tREM and pREM

Ge = genioglossus; Int = intercostal; Di = diaphragm muscles;
NS = not significant.
* p<005 different from unity.
t p<0002 different from unity.
: p<0001 different from unity.

had at least one epoch of REM sleep but no
periods ofphasic eye movements were observed
in one subject (no. 10).
No attempt was made to measure levels of

tonic EMG activity. Phasic inspiratory EMGI,t
and EMGDi activity was seen in all stages of
wakefulness and sleep. Phasic EMGGe activity
was usually detectable during wakefulness, al-
though in some subjects this was obscured by
high levels of tonic activity. Phasic EMGG,
activity was seen in all subjects during sleep.
The magnitude ofmean peak inspiratory EMG
activity during tREM sleep was similar to that
during non-REM sleep for EMGGe and EMGDi,
while peak EMGI,t activity was less in tREM
than in non-REM sleep (p<005, table 2).
During pREM sleep peak activity of all three
muscle groups was markedly suppressed com-
pared with non-REM sleep (table 2). The pro-
portional reduction in EMGInt activity in pREM
sleep was significantly greater than that of
EMGDi (p<0-02, fig 1). EMGI,t and EMGDi
activity were both significantly more reduced
in pREM than in tREM sleep (p<0 001, table
2). EMGGe activity during pREM sleep was
also significantly suppressed in comparison
with non-REM sleep (p<0 002).

Figure 2 shows an example of the reduction
in EMGInt activity associated with phasic eye
movements in a subject with qualitatively nor-
mal rib cage motion and fig 3 shows a similar
pattern in a subject who had paradoxical lateral
rib cage motion both when awake and asleep.
The episodes of reduced EMG activity
illustrated in figs 2 and 3 fit the criteria for
"central" hypopnoeas. REM-related hypo-
pnoeas of this type were seen in five of the nine
subjects (nos 2, 5, 7, 8, and 10) in whom
pREM sleep was recorded.

Figure 2 Recordings from subject no. 7 with normal lateral rib cage motion during non-REM andpREM sleep. The
recordings are in order from the top: airflow (V); posteroanterior rib cage motion (RCPA); posteroanterior abdominal
motion (ABPA); lateral rib cage motion (RCLAT); genioglossus group EMG (EMGG,); intercostal EMG (EMGind;
diaphragmatic EMG (EMGDd); electrooculogram (EOG). Note considerably reduced intercostal activity and slightly
reduced diaphragmatic activity in association with phasic eye movements during REM sleep compared with non-REM
sleep.

C.
Cc

0.0

378

I XIz~l V161

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.50.4.376 on 1 A

pril 1995. D
ow

nloaded from
 

http://thorax.bmj.com/


Respiratory muscle activity during REM sleep in COPD

Non-REM

RCPA

ABPA

EMGGe

EMGlnt

EMGDi

EOG

Figure 3 Recordings from subject no. 2 with paradoxical lateral rib cage motion (Hoover's sign) during non-REM and
REM sleep. Signals and time scale as in fig 2. Note reduced activity of all inspiratory muscles in association with two
bursts ofphasic eye movements during REM sleep compared with non-REM sleep.

None of the six subjects with qualitatively
normal rib cage motion while awake developed
lateral paradox during sleep. Furthermore,
none of the subjects with lateral rib cage para-
dox when awake showed an exaggeration of
this pattern in REM sleep. In general, less
inspiratory muscle activity was associated with
less paradox (fig 3).
Three subjects (nos 1, 3, and 9) had repeated

episodes of"obstructive" hypopnoea associated
with paradoxical movement of the rib cage and
abdomen in the posteroanterior dimension. All
three were snorers. A fourth subject (no. 4)
showed a similar pattern of muscle activity
with a large burst of EMGGe activity at the
termination of hypopnoea, but without de-
tectable posteroanterior paradox. Since the
hypopnoeas in this subject were again as-
sociated with snoring, they were also classified

Non-REM

(I

RCPA

ABPA

RCLAT

EMGGe

EMGlnt

EOG

as obstructive. None of the other subjects
snored. Of the obstructive hypopnoeas re-

corded during REM sleep 88% occurred in
association with eye movements - that is,
pREM. The example in fig 4 is noteworthy
in that this subject (no. 1) had "obstructive"
hypopnoea during pREM sleep and also
showed Hoover's sign which was present during
wakefulness and non-REM sleep; the latter
disappeared transiently with the development
of posteroanterior abdominothoracic paradox
during periods of hypopnoea.
The type of hypopnoea ("central" or "ob-

structive") observed during REM sleep was

consistent within an individual. The number
of such hypopnoeas recorded in each subject
varied between 9 and 25 with a mean (SD) of
16-3 (6 8). Ofthese events 68% were associated
with desaturation of ) 4%.

REM

Figure 4 Recordings from subject no. 1. Signals and time scale as in fig 2. Note hypopnoea in association with reduced
inspiratory muscle activity at the onset of eye movements (arrowed) in REM sleep compared with non-REM sleep. A
change in RCPA motion to a paradoxical pattern is seen, indicating an obstructive event. At the same time RCLAT
motion becomes more normal with paradoxical motion returning after the hypopnoea.

REM
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Expiratory abdominal muscle activity (pre-
dominantly in EMGaob) was recorded in the
awake state in only two individuals and in none
was such activity detected during sleep.

Discussion
Ventilation during REM sleep shows con-
siderable variation within and between in-
dividuals and this is reflected in the different
results of published studies. Such variation fol-
lows largely from the variability of REM sleep
itself, which is not a homogeneous state but
consists of two distinct subtypes: so-called
phasic REM (pREM) characterised by rapid
eye movements and myoclonic twitches, and
tonic REM (tREM) characterised by muscle
atonia and desynchronised EEG.'8 In healthy
subjects reductions in ventilation during REM
sleep are of variable extent and duration and
occur particularly in relation to periods of eye
movements - that is, pREM.'2 Similar findings
were reported in patients with COPD by
George and colleagues'9 who found that falls
in Sao2 were closely related to the density of
eye movements. They found an overall fall in
ventilation during pREM sleep but the mech-
anism of this hypoventilation was not in-
vestigated.
Few studies of the electrical activity of the

inspiratory muscles during sleep have been re-
ported, even in normal subjects. In healthy
individuals a considerable decrease in inter-
costal muscle activity is seen while dia-
phragmatic activity has been reported to be
increased3 or suppressed.4 Episodes of hypo-
pnoea are seen particularly in association with
eye movements,4 and inspiratory activity of the
upper airway muscles has also been shown to
be reduced in association with eye movements
in normal subjects.'

In patients with COPD Hudgel et al' showed
that diaphragmatic EMG activity decreased in
most cases during REM sleep but it increased
in two of 13 patients; intercostal EMG activity
decreased in the one patient in whom it was
recorded. No differentiation was made between
tREM and pREM sleep. Johnson et al6 studied
the activity of the scalene and stemomastoid
muscles in patients with COPD and showed
consistent reductions in EMG activity in as-
sociation with pREM, but activity of other
inspiratory muscles was not reported.

Despite an acclimatisation night to minimise
the "first night effect", our subjects slept poorly.
Others have encountered a similar problem in
patients with COPD.20 We did, however, obtain
good quality recordings during pREM sleep in
nine of the 10 subjects. The amount of data
available for analysis was further limited by
restricting measurements to those obtained in
a constant posture.

Surface EMG recordings have the dis-
advantage ofreduced specificity compared with
those obtained using needle electrodes. The
electrode placements used were, however,
chosen to reflect EMG activity of the relevant
muscles with least contamination from other
muscles. Moreover, previous work has shown
EMG activity from transmandibular electrodes

to be qualitatively similar to signals from genio-
glossus intramuscular electrodes,21 and surface
diaphragmatic EMG recordings are qual-
itatively similar to signals obtained from oes-
ophageal electrodes even during changes in
lung volume.22 In patients with COPD it has
been shown that the surface diaphragmatic
EMG correlates well with transdiaphragmatic
pressure.7 We found no evidence of abdominal
muscle activity during sleep, but cutaneous
electrodes are probably less sensitive for de-
tection of expiratory activity as recent work has
shown that the most frequently active ex-
piratory muscle in awake subjects with COPD
is transversus abdominis, which is the least
accessible to surface recording.23 We classified
as "central" those events where an overall re-
duction in inspiratory EMG activity alone was
observed; "obstructive" events were those
where abdominothoracic paradox, a large in-
crease in EMGGe at the termination of hypo-
pnoea, and EEG evidence of arousal were
observed in the presence of snoring. One sub-
ject (no. 4) who was categorised as having
obstructive hypopnoea had no detectable ab-
dominothoracic paradox during these events.
As has been pointed out previously, this does
not exclude obstructive events as no account
is taken of motion in the craniocaudal di-
mension.24 Confident identification of these
events would require measurement of oes-
ophageal pressure which was not obtained,
but the association with snoring and arousal
supports the classification as "obstructive".
We have confirmed and extended previous

observations on the important association be-
tween phasic eye movements duringREM sleep
and suppression of activity of the inspiratory
muscles in patients with COPD. Our results
help to explain the mechanisms of several pre-
vious observations in REM sleep - namely,
hypoventilation in pREM,' reduced con-
tribution of rib cage to ventilation,7 decrease
in oxygen utilisation by the respiratory muscles,8
and oxygen desaturation in patients with
COPD related to the density of eye move-
ments.'8 The limited data available from this
and other studies suggest that the inhibitory
effects of pREM sleep in patients with COPD
and normal subjects are similar. The con-
sequences for oxygenation, however, are likely
to be greater in patients with COPD, par-
ticularly in those of the "blue bloater" type
who show more marked arterial desaturation
during sleep.25

MECHANISMS OF HYPOPNOEA
The relative degrees of inhibition of the various
inspiratory muscle groups during pREM sleep
varied between individuals, but the pattern was
consistent within an individual, as has also been
observed in normal subjects by Neilly et al.26
Intercostal muscle activity was proportionally
more suppressed than that of the diaphragm
in all but one of our subjects. The degree of
reduction in EMGG, was more variable than
that of EMGlnt or EMGDi. The differential
suppression of inspiratory muscle groups as-
sociated with pREM sleep has clear im-
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plications for the mechanism(s) of hypopnoea
and consequent oxygen desaturation. In all
cases in the present study such events were
characterised by hypopnoea rather than com-
plete apnoea. Of the nine subjects studied in
pREM sleep, the pattern of hypopnoea was
classified as "central" in five and "obstructive"
in four. A study of patients with the sleep
apnoea syndrome suggested that an important
determination of whether an event is classified
as "central" or "obstructive" is the balance of
activity between the upper airway muscles and
the inspiratory "pump" muscles.27 A similar
balance may be relevant to the genesis ofhypo-
pnoeas in some patients with COPD. Thus,
overall reduction in activity of the various in-
spiratory muscles (fig 3, right) results in a
"central" hypopnoea whilst disproportionate
reduction in EMGGe activity produces an "ob-
structive" hypopnoea even though activity of
other inspiratory muscles is also reduced (fig
4, right). However, greater reduction in peak
activity of the upper airway muscles than in
that of the inspiratory "pump" muscles during
pREM sleep was seen in only one ofthe subjects
(no. 1). Clearly, upper airway anatomy and
compliance also contribute to the pathogenesis
of narrowing or collapse of the airway, and
hence to whether or not an hypopnoea (or
apnoea) appears "obstructive" or "central".
The calibre of the upper airway is reduced
in some subjects with COPD,27 and alcohol
consumption has been suggested as a con-
tributory factor to obstructive events in these
patients.28 We did not obtain a complete alcohol
history in all our subjects, but subject no. 1
was a non-drinker and none of the subjects
drank alcohol within 24 hours of the study.
The pattern of hypopnoea between individuals
was not related to the posture in which each
was studied.

Guilleminault et al9 suggested that de-
saturation in patients with COPD was com-
monly due to obstructive apnoea but the study
population was highly selected. Subsequently,
a prospective study of patients with COPD
by Catterall and colleaguesl' concluded that
REM-related desaturation in COPD was not
due to obstructive sleep apnoea. Although they
noted frequent periods of hypopnoea, the
mechanism was not investigated. It is, however,
now accepted that the full blown clinical picture
associated with the obstructive sleep apnoea
syndrome can result from frequent obstructive
hypopnoea without complete airway oc-
clusion." Although apnoea may be infrequent
in patients with COPD, our data suggest that
obstructive hypopnoea may be quite common.
This conclusion is also supported by the study
by Littner et al29 which suggested that un-
expected partial upper airway obstruction, as
assessed by intrathoracic pressure measure-
ment, contributed to nocturnal desaturation in
three of nine patients with COPD.

DISCOORDINATE CHEST WALL MOTION
Reduced expansion and, occasionally, para-
doxical motion of the rib cage during REM

sleep have been described in previous studies
in patients with COPD and related to inhibition
of respiratory muscle EMG activity,67 but the
studies concentrated on volume changes of the
rib cage compartment as a whole rather than
motion in a particular dimension. Seven
patients studied by Hudgel et al7 showed para-
doxical motion of the rib cage compartment
during REM sleep, with five exhibiting this
pattern only in the hypopnoeic periods ofREM
sleep, but the relation to specific inspiratory
muscle activity was not clear. Johnson and
Remmers6 reported paradoxical motion of the
rib cage compartment in association with re-
duced EMG activity of the scalenus anterior
muscle during pREM sleep, but no data were
given on intercostal or diaphragmatic activity;
abdominal excursion increased but only by a
small amount. Since, however, similar com-
partmental paradox occurs with hypo-
ventilation due to narrowing of the upper
airway, "central" and "obstructive" hypo-
pnoea cannot be distinguished using this cri-
terion alone.2
We are unaware of any previous studies

which have assessed lateral rib cage paradox
(Hoover's sign) during sleep. Although our
series included only four subjects with Hoover's
sign while awake, we found consistently that
lateral paradox became less, rather than more,
evident during pREM-related hypopnoeas.
Classically, Hoover's sign is associated with a
low flat diaphragm and the proposed mech-
anism involves abnormal traction on the lateral
rib cage via its insertional effect. 2 We hy-
pothesised that loss of intercostal muscle ac-
tivity and relative preservation ofdiaphragmatic
activity during REM sleep might exaggerate
the distortion, but clearly this was not the
case. However, a change in magnitude of the
integrated EMG activity may not be related
directly to the force of muscle contraction and
there is some evidence that, during REM sleep,
electromechanical coupling of the diaphragm
becomes less efficient.30 Such an effect might
counter the greater rib cage distortion which
would be expected from relatively unopposed
diaphragmatic contraction. Alternatively, the
degree of lateral rib cage paradox in subjects
with hyperinflation may depend simply on the
strength of diaphragmatic contraction, ir-
respective of any potential stabilising effect of
intercostal muscle activity.

We thank the Chest, Heart and Stroke Association and the
Breathe North branch of the British Lung Foundation for
financial support for this project.
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