
Sleep-related breathing disorders * 7 Series editor.: PM A Calverley

Sleep and breathing problems in general
medicine

P M A Calverley

The previous reviews in this series have focused
on the pathophysiology and treatment of
obstructive sleep apnoea which is much the
commonest sleep and breathing disorder.'
However, there is an increasing awareness that
normal sleep physiology interacts with co-
existing medical diseases to promote sleep dis-
ruption and daytime sleepiness.2 Sleep
fragmentation induces more daytime tiredness
than does simple sleep deprivation3 and can
produce depression of the hypoxic and hyper-
capnic ventilatory responses, depression of
upper airway dilatory muscle activity, and a
reduction in the critical closing pressure within
the pharynx.45 These changes become im-
portant when the upper airway is already com-
promised by disease - for example, a large
tongue in Down's syndrome6 orwhen unrelated
pathology coexists with the medical problem
as in chronic obsructive pulmonary disease (see
below). In this case the additional problems
are largely those associated with obstructive
sleep apnoea and they can act to accelerate
patient decline.
Two further mechanisms operate singly or

together with the unstable upper airway to
produce sleep and breathing problems in med-
ical illness. It is now accepted that both the
hypercapnic and hypoxic ventilatory responses
decline with the onset of sleep and become
flatter still in stages 3/4 sleep.7'- These ad-
justments probably represent a change in res-
piratory controller gain and are associated with
a change in the carbon dioxide set point such
that apnoea occurs during sleep at a higher
carbon dioxide tension than during wake-
fulness.10 In normal subjects the Paco, during
sleep is still well above the apnoeic threshold.
However, if the Paco2 is reduced, as happens
at altitude" or in some medical conditions such
as congestive cardiac failure, then controller
instability produces periodic breathing during
sleep. These apnoeic events are entirely central,
associated with an open glottis, and are not
accompanied by increased respiratory efforts.
TIhey differ from the reflex central apnoea de-
scribed by Bradley et al where apnoeas are
promoted by contact of the walls of the upper
airway during a period of previous increased
inspiratory effort.'2 Sometimes obstructive and
central events can coexist in the same disease
category as has recently been described in acro-
megaly.'3 Whilst most patients with acromegaly
are predisposed to obstructive events by

changes in the dimensions of their upper
airways, some are relatively hypocapnic, par-
ticularly if they have high circulating levels
of IgF and increased hypercapnic ventilatory
drives. These subjects develop prolonged cent-
ral apnoeas. Studies of this kind are likely to
be extended to other conditions as the wider
relevance of sleep disordered breathing is re-
cognised.
A final, less well understood problem is that

of hypoventilation during sleep. Normal sub-
jects show state-related falls in minute vent-
ilation'4 which are probably central in origin.
In addition, as sleep deepens the response to
ventilatory loading is impaired,'5 as is load
detection, at least in stage 2 sleep.'6 The effects
of mass loading, whether due to obesity'7 or
thoracic cage restriction, are to reduce vent-
ilation further - probably by an increase in
thoracic impedance - although detailed studies
directly measuring ventilation in the latter con-
dition are lacking. Nonetheless, assisted vent-
ilation during the night by nasal intermittent
positive pressure ventilation (NIPPV) does ap-
pear to produce significant changes in blood
gas tensions and exercise performance over
time, implying that such hypoventilation is clin-
ically important.'819

Cardiovascular disease
The interactions between cardiovascular func-
tion, sleep, and obstructive sleep apnoea have
alreay been reviewed by Ferguson and Fleet-
ham in the September issue of Thorax (pp
998-1004). There is increasing evidence that
sleep-related respiratory problems either ac-
celerate or even act as primary causes for certain
cardiovascular illnesses.
Although disturbances of cardiac rhythms

have been suspected of being related to the
sleep state,2021 the evidence for this is relatively
weak. Thus, in a recent prospective study of
consecutive referrals to an Alberta sleep clinic
there was no excess of either atrial, ventricular,
or conduction disturbances in 97 patients with
established sleep apnoea compared with 76
controls.22 Previous studies have suggested that
ventricular rhythm problems are worse in
the most hypoxaemic patients23 who are
underestimated in the above report. Data
on rhythm disturbances during sleep in
hypoxaemic COPD are lacking and, in any
case, it would be hard to exclude the effects of
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Figure 1 Mortality experience in patients with acute stroke separated by their smoking
history. Reproduced from reference 33 with permission.

other risk factors. If there is a primary effect
sleep-disturbed breathing it is likely to be
small one.

The situation in hypertension is more cc
troversial. Snoring - a marker of partial upl
airway obstruction - has been associated w
hypertension epidemiologically2425 as has sle
apnoea itself.26 However, there are many cc
founding risk factors associated with snorii
particularly obesity and smoking, which rt

mean that snoring is simply a marker for th(
factors. Thus, Hoffstein found no relationsi
between snoring and blood pressure wh
awake in 1415 patients studied prospectiv
in his laboratory.27 There was an independ4
relationship between the apnoea/hypopnc
index and hypertension, and this is in agr
ment with data from the Madison grour
Unfortunately, there was no detailed anal)
of the snoring data in this large epidemiologi
study.
Whatever the underlying mechanisms, sni

ing is associated with considerable card
vascular and cerebral vascular morbidity a

mortality. The risk of ischaemic heart dise;
and stroke are doubled among men who sno
and in one case-control study the relative r

of cerebral infarction was 2-8 times greal
and that of any cerebral vascular event 1

times greater, in regular snorers than in thi
who never snored.2930 Patients with sle
apnoea which had been successfully treal
showed substantial reduction in cardiovascu
events compared with equally severe patie:
who rejected treatment.3' Other circumstan
data are that ischaemic stroke occurs m

frequently in the early morning,32 and patie
admitted with a stroke are more likely to hi
a large stroke and more persistent neurologi
deficits if they are regular snorers (fig 1).3

A possible mechanism linking these vascular
events and sleep-related breathing problems is
the rise in blood pressure which consistently
accompanies arousal from partial or complete
upper airways obstruction.34 Although related
to the change in oxygen saturation during the
event,35 such a correlation may well be spurious
as correction of hypoxaemia36 or comparison
of events with and without large changes in
Pao2 does not change the extent of the arousal
response.37 Moreover, it has been estimated
that about 75% of the rise in blood pressure at
apnoea termination can be explained purely by
the arousal itself.38 Such short term but fre-
quent increases in blood pressure may lead to
resetting ofthe baroreceptors and contribute to
sustained hypertension by day or, alternatively,
simply add to the overall stress on the vessel
wall and resultant atheroma formation. Studies
in normal subjects have shown graded increases
in the size of the systolic and diastolic blood
pressure rise during auditory-induced arousals,39
suggesting that other disorders such as COPD
or even asthma that are associated with a poor

200 sleep quality may also contribute to cardio-
vascular morbidity by this sleep-related mech-
anism.

Cheyne-Stokes respiration, in which periods
of central apnoea alternate cyclically with hypo-
ventilation, has been recognised for many years

of and is now known to be common during sleep
a in patients with chronic heart failure.40 Such

patients are often hypersomnolent by day4" and
)n- have frequent arousals from sleep.42 The tra-
per ditional explanation for their apnoeas is pro-
ith longation of the circulation time such that
~ep changes in alveolar gas tensions are no longer
)n- synchronous with the breathing pattern and
ng, ventilatory stimuli from the peripheral chemo-
iay receptors promote an inappropriate and phase
ese lagged hyperventilation. This lowers the carbon
hip dioxide tension below the apnoea threshold
ien and the cycle begins again. This form of control
ely system oscillation may explain the more severe

ent cases where such breathing is seen during wake-
:ea fulness, but these are infrequent. Prolongation
ee- of the circulation time is related to the duration
,.28 of the Cheyne-Stokes respiration cycle,43 but
rsis other mechanisms appear to be more im-
ical portant. Of particular relevance are the sleep-

related shifts in apnoeic thresholds already re-
or- ferred to. Such changes are known to be im-
lio- portant in people who develop mountain
nd sickness and may explain why mild hypocapnia
ase by day is sufficient to induce central apnoea
)re, when asleep.
isk Recent data have suggested that cyclical
ter, fluctuations in the EEG track those in vent-
0 3 ilation,44 while others have found that the in-
ose tensity of EEG arousal at the end of apnoea
oep parallels the degree of post-apnoeic hyper-
ted ventilation (fig 2).4 Thus, both a change in the
ilar carbon dioxide threshold during sleep and the
nts arousal response from the apnoea are needed
tial to produce Cheyne-Stokes respiration.
ost The best way to treat this problem is con-

nts tentious. Previous reports have suggested that
ave nasal continuous positive airway pressure
ical (CPAP) can reverse Cheyne-Stokes res-

piration46 and improve left ventricular fumction,47

- Never snore (n = 97)
Occasional snorer (n = 40)
Often snore (n = 136)

-------- Almost always snore (n = 52)
p = 0.0006
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yVTr 20 feature.5960 However, it is important to re-
z VI member that airway calibre shows similar cir-
Z AL t cadian variation in normal subjects which

T - 15 parallels those occurring in asthma in their
timing but not in their amplitude.

T - .ESmall changes in functional residual capacityT
E g _ 10 occur during sleep which would tend to ex-

X acerbate this effect.6' Recent theoretical ob-
servations on the effect of airway calibre on

5 airway reactivity have demonstrated that a
small increase in submucosal or smooth muscle
thickness can produce dramatic changes in air-

0S_E° ways resistance.62 Undoubtedly some patients
5

show substantial falls in peak flow overnight
which are out of keeping with their daytime

vXE_airway calibre, and these subjects may be those
a, mostlikelytobenefitfromlongacting Pagonist

therapy.63 However, until more acceptable
means are developed of measuring airways re-
sistance during sleep, the mechanisms and the

20 degree of variability between subjects of these
SB NA EA MA _

phenomena will remain difficult to understand.
The normal fall in ventilation during sleep

p data showing the influence of ventilation is insufficient to compromise gas exchange in
,de on central sleep apnoea. During stable normal subjects or, indeed, in those with bron-
ztory time is taken to be the apnoea length chial asthma, but it does produce dramatic falls
on (Vi) and tidal volume (VT) increase in oxygen saturation in people who already
m stable breathing (SB) to periodic
ut arousal (NA) to EEG arousal grade I exhibit wakig hypoxaemia (Pao2 <80 kPa).64
zent arousal (MA) with a cormsponding Such falls are associated with transient in-
iuration of the subsequent apnoea. creases in pulmonary artery pressure6465 and
9005. Reproduced from reference 45 with relatively modest rises in Paco2. Although

changes in cardiac output occur during sleep,
most of the change in gas tensions can be

reducing arousal-related rises in accounted for by these physiological levels of
are. However, these results have hypoventilation on a background of unsteady
y to replicate48 and, although some state gas exchange.66 Whilst some marginally
efit, others may deteriorate.49 A less hypoxaemic patients do show transient falls
equally effective approach is to in oxygen saturation during sleep,67 the clinical

xygen50 which may ameliorate both impact of these effects appears to be modest.68
mia and, by diminishing minute In general, measurement of daytime Pao2 re-
promotes a small change in Paco2 mains the simplest (and cheapest) means of
hes the central apnoea. predicting noctural oxygenation in patients

with COPD.69
Whatever the nature ofthe sleeping breathing

disorder, the presence of fixed or variable air
disease flow limitation disrupts sleep quality. Patients

leep is an important clinical and with asthma exhibit poorer concentration and
eature of many respiratory dis- perform worse on neuropsychological testing
ma and COPD being the most than do controls.70 All studies agree that sleep
studied.5" In each case normal quality - whether measured by the relative
leep physiology, coupled with cir- amounts of different sleep stages or the number
ms in airway calibre, interact with of sleep state changes or arousals - is poor in
spiratory function to disrupt sleep all forms of COPD, especially those who are
ate the respiratory disease. Thus, "pink puffers".`-` Whether domiciliary oxygen
ttacks occur most frequently at improves this is less clear, and present data
e not associated with specific sleep suggest that any significant benefit in EEG-
mechanisms underlying nocturnal defined sleep is only seen in the most hyp-
been reviewed54 with changes in oxaemic patients.72 Noctural oxygen does im-
and possibly a loss of non- prove subjective sleep quality and daytime

)n-cholinergic56 function being im- performance in an approximately dose-related
rever, there is a circadian variation fashion.74
ibre in asthma irrespective of sleep Upper airways dysfunction can coexist with
ciated with a fall in peak expiratory both asthma and COPD simply by chance
morning.57 Whether this reflects as all three conditions are relatively common.
in endogenous hormones58 and/or Some patients who snore loudly and are asth-
nmatory changes occurring within matic can have their asthma control improved
is unclear. Studies of the larger by nasal CPAP,75 whilst patients with ob-
ssible to bronchoscopy have pro- structive sleep apnoea and COPD are more
icting results, although all seem likely to develop fluid retention at an earlier
eosinophilia is an important stage in their natural history than are similar
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Figure 3 (A) Polysomnographic recording from a boy with advanced Duchenne
muscular dystrophy during REM sleep. Note that there is cessation of detectable rib cage
and abdominal movement but phasic respiratory bursts are present in the subsequent
EMG recording, confirming the persistence of central respiratory activity. (B) Similar
recording from a man aged 25 years with myotonic dystrophy and daytime sleepiness. A
central apnoea occurs with no respiratory activity after an EEG arousal. The subsequent
EMG trace shows no respiratory bursts and cardiogenic oscillations can be seen on the
airflow channel indicating an open glottis without continuing respiratory effort.

non-apnoeic patients who form most of the
cases of COPD.76 The Sydney group has sug-
gested that hypercapnia in COPD is related to
impaired upper airways function, particularly
in people who drink alcohol,77 but this has not
been confirmed in the UK.78

Neurological disease
Although a range of disordered breathing dur-
ing sleep is seen in different neurological dis-
eases, the most intensively studied patients have
been those where ventilatory failure and/or
breathlessness are prominent features - the so-

called neuromuscular diseases. All of these are
associated with a reduction in maximum in-
spiratory and usually expiratory mouth pres-
sures,79 but the associated sleep-related
breathing disorders are relatively varied, re-

flecting the impact of subtle differences in the
distribution of respiratory muscle weakness.
Boys suffering from Duchenne muscular dys-

trophy provide the best example of relatively
pure respiratory muscle weakness with relative
preservation of diaphragm function, although
patients with severe respiratory muscle weak-
ness after polio appear to behave identically.
Boys with Duchenne muscular dystrophy show
progressive falls in ventilatory capacity and

maximum inspiratory pressures with age79 and
commonly die from respiratory failure in their
late teens or early twenties.80 They do not
complain of daytime tiredness or dyspnoea but
are prone to obesity as they become more
sedentary. Those who do not undergo spinal
surgery at puberty often have marked kypho-
scoliosis.8' In the more advanced cases, espe-
cially if the patients are relatively heavy, the
onset of REM sleep is accompanied by re-
current apnoeas which are apparently central
in nature (fig 3A). They are associated with
episodes of oxygen desaturation, falling to 74%
from a normal baseline in one series.82 These
apnoeas are unlikely to be truly central as there
is evidence of continuous phasic respiratory
activity in the submental EMG.82 This can be
abolished by nasal CPAP,83 and other workers
using different respiratory sensors have seen
frank obstructive events.84 It seems likely that
the fall in muscle tone associated with REM
sleep produces a physiological increase in air-
ways resistance" and this is accompanied by a

further reduction in ventilatory drive to the
diaphragm. In boys who have weak dia-
phragms, when supine at rest, this may be
sufficient to produce apparent central events.82
As the disease progresses similar apnoeas may
occur in other sleep stages. Simple predictors
of the likelihood of sleep-disordered breathing
are lacking at present, although one small study
has found a good relationship between the Pao2
and the apnoea/hypopnea index.86 Significant
disturbances in cardiac rhythm occur during
sleep in these patients,87 and these are likely to
be more dangerous during hypoxaemic periods
so their abolition would seem desirable. Sup-
pression of REM sleep by protriptyline ab-
olishes most events but the side effects,
especially constipation, make it unacceptable.88
Low flow oxygen by nasal cannulae controls
the hypoxaemia but at the cost of lengthening
the apnoeas.89 Whether this promotes clinically
significant carbon dioxide retention is not
known. Nocturnal ventilation by face mask is

t well tolerated and, coincidentally, prevents the
desaturations, but a decision to use it in all
patients must be questioned following a ran-
domised clinical trial which showed excess mor-
tality in those treated with ventilation.90 This
does not agree with our clinical experience,
but we have always selected patients for this
treatment who already show high normal day-

r time carbon dioxide tensions and who have
oxygen desaturations at night. Bilateral dia-
phragm paralysis or diaphragm weakness due
to acid maltase deficiency9' or occasionally in
patients with limited motor neurone disease

I can also produce REM-related falls in oxygen
saturation due to central sleep apnoea. The
motor weakness is usually associated with day-
time symptoms, especially tachypnoea and
breathlessness, which can be reduced by non-
invasive ventilatory support. An elegant dog
model using cooling of the phrenic nerves has

i shown that it is possible to induce central
apnoeas in REM sleep when phrenic nerve
fimction is impaired,92 although not all subjects

7 with bilateral diaphragm paralysis show this.
I The other major neuromuscular disease as-
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Figure 4 Summary data from references 94 and 93 (with
permission) and our own series ofpatients with myotonic
dystrophy indicating the wide range of reported apnoea
indices in clinically similar patients. In our patients the
severity of the nocturnal respiratory disturbance was
unrelated to the degree of daytime symptoms or the body
mass index.

sociated with sleep disturbance is myotonic
dystrophy, but this presents a very different
picture. The apnoeas are nearly always central93
(fig 3B) and occur throughout all stages of
sleep, but are especially frequent in stage L9
There is no relationship between the severity
of the respiratory muscle weakness and the
apnoeic events,95 and our attempts at treat-
ments with nasal CPAP or NIPPV have met
with little or no success to date. The incidence
of apnoeas and hypopnoeas can vary between
individuals and representative data reported
from different centres are given in fig 4. In
general, the most obese patients with the most
advanced disease and/or evidence ofdiaphragm
weakness appear to be the most severely affec-
ted.96 The underlying problem may be one of
impaired proprioceptive control of the res-

piratory muscles and myotonia in those muscles
has been demonstrated.97 Whilst many patients
with myotonic dystrophy complain of lethargy
and daytime somnolence, it is difficult to dis-
entangle the impact of their muscle weakness
from that due to their poor sleep quality.98 In
this disease the breathing problems at night
may be more of an epiphenomenon and not a

primary cause of symptoms as in the other
conditions discussed above.
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