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Abstract
Background - This study was undertaken
to establish the prevalence of, and the factors contributing towards, sleep disordered breathing in patients with
quadriplegia.
Methods - Forty representative quadriplegic patients (time since injury
>6 months, injury level C8 and above,
Frankel category A, B, or C; mean (SE)
age 35 0 (1.7) years) had home sleep studies in which EEG, EOG, submental EMG,
body movement, nasal airflow, respiratory
effort, and pulse oximetry (Spo2) were
measured. Patients reporting post traumatic amnesia of >24 hours, drug or alcohol abuse or other major medical illness
were excluded from the study. A questionnaire on medications and sleep was
administered and supine blood pressure,
awake SPO2, spirometric values, height,
and neck circumference were measured.
Results - A pattern of sustained hypoventilation was not observed in any of the
patients. Sleep apnoeas and hypopnoeas
were, however, common. Eleven patients
(27.5%) had a respiratory disturbance
index (RDI, apnoeas plus hypopnoeas per
hour of sleep) of > 15, with nadir SPO2
ranging from 49% to 95%. Twelve of the
40 (30%) had an apnoea index (Al) of >e 5
and, of these, nine (75%) had predominantly obstructive apnoeas - that is,
>80% of apnoeas were obstructive or
mixed. This represents a prevalence of
sleep disordered breathing more than
twice that observed in normal populations.
For the study population RDI correlated
with systolic and diastolic blood pressure
and neck circumference. RDI was higher
in patients who slept supine compared with
those in other postures. Daytime sleepiness was a common complaint in the study
population and sleep architecture was considerably disturbed with decreased REM
sleep and increased stage 1 non-REM
sleep.
Conclusions - Sleep disordered breathing
is common in quadriplegic patients and
sleep disturbance is significant. The predominant type ofapnoea is obstructive. As
with non-quadriplegic patients with sleep
apnoea, sleep disordered breathing in
quadriplegics is associated with increased
neck circumference and the supine sleep
posture.
(Thorax 1995;50:613-619)
Keywords: quadriplegia, sleep, sleep apnoea.

There are a number of theoretical reasons why
quadriplegic patients may be prone to disordered breathing in sleep. Firstly, intercostal
and abdominal muscles are paralysed, and in
patients with high lesions (C5 and above) the
action of the diaphragm is also impaired. It is
known from other studies that patients with
respiratory muscle weakness are prone to sleep
disordered breathing.' Secondly, most quadriplegic patients take medication to suppress
painful or distressing muscle spasms. Benzodiazepines have been shown to increase the
frequency and severity of disordered breathing
events in sleep2" and baclofen, also used to
treat muscle spasms, has the potential to do
the same because of its depressant effects on
the central nervous system.5 Thirdly, recent
evidence suggests that there may be significant
differences between quadriplegics and normal
subjects in their compensatory reflex responses
to resistive or elastic respiratory loads.6 It is
possible that these differences may predispose
quadriplegics to more upper airway obstruction
or hypoventilation in sleep.
We recently showed, in a small group of
quadriplegic patients, a relatively high prevalence of severe episodic nocturnal hypoxia.7
The pattern of oxygen desaturation and the
presence of audible snoring in most of the
patients studied raised the possibility of obstructive sleep apnoea. However, sleep, respiratory effort and airflow were not measured
in that study and the type of respiratory disturbance could not be determined. Other preliminary reports have also suggested that sleep
disordered breathing, either central or obstructive, may be common in quadriplegia. 8-'0
A recent report of 22 patients with spinal cord
lesions aged over 40 showed clearly abnormal
obstructive apnoea patterns in six patients
(27%)." Generally, however, the numbers of
patients in these earlier studies have been too
small, or the study populations biased, to permit a proper estimate of the prevalence of sleep
disordered breathing in quadriplegia and to
determine which patients are at greatest risk.
The aim of the present study was to provide
such information. We report the findings of
detailed overnight sleep and breathing measurements made in the homes of 40 quadriplegic
patients.
Methods
PATIENT SELECTION

Our aim was to study all quadriplegic patients
currently living in the state of South Australia
who met the following selection criteria: (1)
age between 18 and 60 years inclusive; (2)
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SLEEP STUDIES

OTHER MEASUREMENTS

Night time polysomnographic studies were performed on patients in their own homes using
a portable device that recorded multiple channels of physiological information on magnetic
tape (Oxford, Medilog MPA-2, Oxford, UK).
Sleep scoring (screen by screen) using this

Before commencing the sleep study, awake
arterial oxygen saturation was recorded (pulse
oximetry). Spirometry was performed including forced and slow vital capacity manoeuvres using a calibrated spirometer
(Vitalograph, Buckingham, UK). Height was
measured with the patient supine, and neck,
chest and abdominal circumference recorded
with the patient sitting. It was logistically not
possible to weigh patients in their homes. Supine blood pressure was recorded. In the evening a battery of neuropsychological tests was
administered, the results of which will be reported separately.

device has -been shown to be as reliable as
polygraph chart paper scoring.'2 The following
parameters were recorded: electroencephalogram (EEG) (C3/A2), submental electromyogram (EMG), bilateral oculograms
(EOG), abdominal respiratory movement (inductive plethysmography), airflow (oronasal
thermistor), and finger probe pulse oximetry
(Spo2). A single channel of respiratory effort
was used because of the limitation of total
channels available for recording and because we DATA ANALYSIS
reasoned that paradoxical thoracoabdominal The X2 test was used to examine possible
motion is always present in this population differences in gender ratios between the popuand, therefore, is unhelpful in detecting upper lations included and excluded from the study.
airways obstruction. In addition, a pair of sur- The Mann-Whitney test was used to compare
face electrodes was placed on the anterior thigh respiratory disturbance indices between
in an attempt to detect any muscle spasms patients with high and low cervical cord lesions
during the night that may have disrupted sleep. and between those who slept supine and in
A polysomnographer (IM) attached the elec- other postures. The Kruskal-Wallis test was
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spinal cord injury level C8 or above classified trodes and transducers prior to the patient's
as Frankel A, B or C; and (3) injury sustained usual "lights out" time and activated the resix months or more before study. Frankel cat- cording device. She then returned early the
egory A refers to complete motor function following morning to remove the electrodes
and sensory loss below the level of the lesion; after the usual patient "wake time". There was
category B, complete motor function loss with no trained polysomnographer in attendance for
some sensory sparing; and category C, some any of the studies and nine out of 42 patients
sensory sparing and some non-functional (21% of cases) were entirely alone at night. In
motor sparing. Patients were excluded if they one study the SPo2 signal was lost, but none
had chronic cardiopulmonary disease, alcohol of the studies failed.
or drug abuse at the time of the study, or a
The polysomnographic recordings were
history of head injury resulting in post trau- played back through an Oxford Medilog 9200
matic amnesia of more than 24 hours. Patients computer system and displayed on a VDU
with other neurological diseases or a history of screen in 30 second epochs for manual scoring
psychiatric illness were also excluded.
of sleep using the standard criteria of Rechtschaffen and Kales.'3 The respiratory signals
were used to identify apnoeas (absence of airPATIENT RECRUITMENT
flow for 10 seconds or more) which were then
A national registry of spinal injured patients classified as either central (absence of rewas used to identify all patients who sustained spiratory motion or effort), obstructive (presa spinal cord injury C8 or above in South ence of respiratory effort), or mixed (central
Australia between 1976 and 1990 and who met and obstructive components). Hypopnoeas
the age and time since injury criteria. These were defined as a reduction in airflow of 50%
patients were then sent a letter inviting them or more from baseline, lasting 10 seconds or
to participate in the study and were asked to more.
In addition to the standard polysomnocomplete and return a questionnaire regardless
of whether they wished to proceed to the over- graphic criteria for sleep staging, brief arousals
night sleep study. The questionnaire asked a from sleep were scored according to recently
number of questions concerning sleep, choking published criteria.14 In general, an arousal reepisodes in sleep, snoring, daytime sleepiness, quires an abrupt increase in EEG frequency current medications, alcohol consumption and for example, return of alpha rhythm - that lasts
past head injury. In addition, we searched re- for three seconds or more. Such an arousal
cords for the same period (1976-1990) in the is often accompanied by other physiological
two institutions in South Australia that were changes such as head movement artefact on
likely to have had contact with other patients the EEG, EOG, or EMG signals. In this study
who sustained their injury in another state but we also identified sudden runs of K complexes
subsequently moved to South Australia. Those or slow waves that were associated with a sudpatients who returned questionnaires and den increase in the rate or depth of breathing,
agreed to participate in sleep studies were then and/or movement artefacts. These changes
personally visited and examined by one of the were interpreted and scored as arousals alinvestigators (HF) to confirm that they cur- though they did not strictly meet the definition
of an arousal mentioned above.
rently met all selection criteria.
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Table 1 Clinical, anthropometnic and lung function data
Mean (SD)

abuse. Six of the 65 patients indicated they
unwilling to participate in the sleep studies.
of the remaining 57 patients were
Eight
Age (years)
35-0 (10.5)
19-60
excluded because they were now residing in
No. (%) of patients taking diazepam
23
(57 5%)
No. (%) of patients taking baclofen
30
(75%)
another state. This left 49 potentially eligible
17
No. (%) of patients consuming alcohol
(42%)
patients who were willing to participate. On
Neck circumference (cm)
41-5 ( 4 60)
33-60
Chest circumference (cm)
95-7 (12-8)
74-146
close clinical examination seven patients were
Abdominal circumference (cm)
93-9 (20 0)
30-160
subsequently excluded because there had been
2-53 ( 0 77)
1-14-5
FEVI(l)
62-5 (16-8)
FEV, (% predicted)
26-101
substantial
neurological recovery since their
FVC (1)
2-85 ( 0 90)
1-2-5-2
injury and they no longer met the inclusion criFVC (% predicted)
54-3 (15-7)
21-88
89-5 ( 8-56)
67-100
FEVI/FVC (%)
teria. Therefore, of the initial 91 patients apAwake Spo2 (%)
96-9 ( 1-57)
91-99
proached, 42 patients (46%) were studied. The
results of two patients were subsequently eliminated from the analysis because a substantial
Table 2 Respiratory disturbance index (RDI)
neurological recovery was confirmed and they
Percentage of patients (95% confidence intervals)
were reclassified into the Frankel D category.
To determine whether these 40 patients were
Quadriplegics (current study)
Able-bodied population'8
representative
of the South Australian quadriRDI>5
57-5
(46 to 67)
24
(19 to 28)
plegic population we compared the mean age
(n=23)
RDI>10
40
(32 to 51)
15
(12 to 19)
and sex ratios in the 40 patients included in
(n= 16)
the study (group I) with the other 51 patients
RDI 15
27-5
(19 to 33)
(6-4 to 11)
9-1
(n= 11)
(group II) from the original 91 who were either
Reference 18 describes 352 men aged 30-60 years randomly selected from a working population. excluded from the study or did not participate
for any reason. There were no significant
differences in these parameters (mean age 35 0
used to examine the relationship of patients' self (1-7) years (group I), 31-8 (1.2) years (group
reported daytime sleepiness to the frequency of II) (NS); sex ratio (M:F) 37:3 (group I), 42:9
arousals and RDI. The RDI was transformed (group II) (NS). Unfortunately the information
by loglO to achieve a normal distribution before from the national patient registry was not
using parametric tests of correlation and step- sufficiently complete or up to date to enable
wise multiple linear regression. Tests of cor- us to compare parameters of body mass and
relation were used to examine associations medication use in the 40 patients studied with
between continuous variables and the de- those who did not participate. Responses of
pendent variable (loglO transformed RDI). the six patients who completed the quesPearson correlation coefficients are reported. tionnaire but refused polysomnography did not
Those variables that correlated with RDI were differ from the questionnaire responses of the
entered into a stepwise multiple linear re- participants with respect to the frequency of
gression model. A p value of less than 005 was witnessed apnoeas, choking episodes, or dayconsidered statistically significant. The stand- time sleepiness.
ard deviation was used to describe the freClinical, anthropometric, and lung funcquency distribution of a parameter in the entire tion data of the 40 quadriplegic patients parsample. The standard error was used in com- ticipating in the study are provided in table 1.
paring means of one group to another.
Predictable reductions in lung function were
observed, but mean awake SPO2 was normal.
A predictably high percentage of patients took
Results
antispasm medications.
were

Range

SLEEP DISORDERED BREATHING

Data on sleep disordered breathing are presented in table 2 and compared with recently
published data in a normal population. It was
found that 11 of 40 patients (27'5%) had re-

Table 3 Individual sleep breathing data in 11 patients with RDI > 15
Patient Sex
No.
1
2
3
4
5
6
7
8
9
10
11

Mean
SD
*

M
M
M
F
M
M
M
M
M
M
M

Age

Neck
circum-

ference (cm)

RDI
Hypopnoea
(eventslh) index
(eventslh)

39
32
39
53
41
38
22
60
48
54
40

60
48
42
45
48
38
40
42
39
48
42

79 3
65-5
54 0
46-3
349
34-4
26-0
20-7
19-4
17-5
15-3

0-6
9-7
25-1
39
330
12-4
4-5
5-1
12-9
7-0
12-3

42-4
10-8

44-7
6-2

37-6
21-3

11-5

9.7

Apnoea index (eventslh)

Awake

Central Obstructive Mixed
0.0

SP02

Minimum Spo2

Desatur-

Non-REM REM

index* (nlh)

Spo2<90%
73
35
11
31
7
8
0
5
1
1
1

ation

10-5
0-8

78-3
55-6
18-4
42-2
1.9
21-6
0.0
15-6
6-5
00
2-1

04
0.0
6-1
0-2
0.0
03
1-6
0.0
0.0
00
0-0

91
98
96
96
97
98
98
96
98
96
97

65
73
80
77
71
79
96
83
85
86
90

62
49
71
79
78
80
95
81
81
86
85

70
61
36
39
26
13
0
14
5
5
5

3-3

22-0

6-4

0-8

26-0

96-5

1-8

80-5

2-0

77 0

8-9

24-9

12-5

23-9

0-1

4-5
0.0
00
0.0
19 9
0.0

0.0

Desaturations > 4% from baseline per hour of total time available for sleep.

% of recording

time

15-7

22-5
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PATIENT SELECTION

Ninety one apparently eligible patients were
sent a questionnaire and asked to participate
in the study. Of these, 65 (71%) replied. Two
patients were excluded at this stage because
their replies to the questionnaire indicated a
significant head injury, or alcohol and drug
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Table 4 Mean (SE) sleep architecture in quadriplegic patients compared with normal subjects according to age
30-39

Present
study

subjects

(n = 14)

(n = 44)

Present
study
(n = 14)

Normal*

393 (19-7)t
347 (9-4)
385 (18-8)
Total sleep time (TST), min
340 ( 6 6)t
Non-REM sleep (NREM), mnin 325 ( 5 4)t 275 (3-8)
87 ( 1-7)t
79 (1-1)
84 ( 1-4)t
% of TST
Stage 1
50 ( 7 8)t
6 (0-7)
35 ( 6 8)t
% of NREM
Stage 2
35 ( 5-1)t
72 (2-3)
43 ( 4-9)4
% of NREM
Stage 3 + 4
16 ( 2-6)
% of NREM
23 (1-2)
23 ( 5-4)
REM sleep
53 ( 6-6)
72 (4-4)
60 ( 5-4)
min
13 ( 1-7)t
21 (1-3)
16 ( 1-4)t
% of TST
* Normal subjects (first night sleep laboratory) data derived from reference 16.
t p<005; t p<0001 versus normal subjects from the same age group.

50-60

40-49

Normal*
subjects
(n = 23)

Present
study
(n = 7)

Normal*
subjects
(n = 49)

Present
study
(n =S)

340 (14-8)
267 ( 5-9)
79 ( 1-7)

383 (23-8)t
331 ( 9 4)t
86 ( 2-4)

329 (7-8)
265 (4-5)
81 (1-4)

403 (35 0)t
347 (10-4)4
86 ( 2-6)

5 ( 0-7)

7-0)t
44 ( 5-7)t

8 (0-7)

7-8)t
43 ( 6 4)t

73 ( 3-7)

41 (

79 (2-7)

38 (

Normal*
subjects
(n = 41)
332 (9-9)
263 (4-6)
79 (1-4)
8 (0-7)

81 (2-9)

22 ( 2-3)

16 ( 2-4)

13 (1-7)

19 ( 3-3)

11 (1-6)

73 ( 7-5)
21 ( 2-2)

53 ( 9-4)
14 ( 2-4)

64 (3-9)
19 (1-2)

57 (10-4)
14 ( 2 6)

69 (3-9)
21 (1-2)

spiratory disturbance index (RDI; apnoeas plus
hypopnoeas/hour of sleep) of ) 15. Among
these 11 patients the mean (SD) nadir Spo2 was
76-1 (12'6)% (range 49% (indicating severe
oxygen desaturation) to 95% (insignificant desaturation)). Relevant sleep and breathing data
for these 11 patients are shown in table 3.
Twelve of 40 (30%) had an apnoea index (AI,
apnoeas/hour of sleep) of > 5. Of the 12
patients with an AI 5, nine (75%) had predominantly obstructive apnoeas - that is, >80%
of apnoeas were obstructive or mixed. Six of
40 (15%) had an apnoea index of ),20/hour,
which is a level of breathing disturbance shown
in an earlier study to be associated with increased mortality.'5
Among the 29 patients whose overall sleep
RDI was less than 15 there were 16 (55%) who
suffered repetitive REM only sleep disordered
breathing (REM RDI > 15). While the overall
sleep RDI in these patients was below the level
generally considered to be of clinical concern,
some of these patients had moderately severe
oxygen desaturation in REM sleep. Mean nadir
REM SPO2 was 88-6 (6.4)% (range 80-96%).
The RDI was correlated with systolic
(r= 0-36, p<005) and diastolic blood pressure
(r=0-32, p<O0Ol) and neck circumference
(r=0-46, p<0005). There was no difference
in mean rank RDI between patients with high
lesions (C4-C5; n = 16) and patients with low
lesions (C6-C8; n = 24): mean rank for RDI
in patients with high lesions was 24-0 compared
with 18-2 in patients with low lesions. Patients
who slept supine (n = 25) had a higher RDI
than those who slept in other postures (n = 15)
(mean rank RDI supine = 23-6, other postures=15-3, p<0O05). RDI did not correlate
with measures of lung function. While baclofen
and diazepam were administered to a high
percentage of the study population (75% and
57%, respectively), there was no association
between the dose of spasmolytic medication
and RDI. All the variables that were found to
have a statistically significant association with
RDI - that is, blood pressure, neck circumference, and sleep posture - were entered
into a multiple stepwise linear regression analysis with loglO transformed RDI the dependent variable. Only neck circumference and
posture were retained by the model as independent predictors of RDI and together they
accounted for 33% of the variance (neck cir-

cumference p<000 1, 21 % ofvariance; posture

p<O0O4, 12% of variance). The regression
equation was as follows: loglO RDI=
0-05 x neck circumference (cm) + 0-38 x
posture - 1-30, where posture is treated as a
dichotomous variable with supine posture= 1
and other postures = 0.
Since neck circumference appeared to be
associated with sleep disordered breathing in
our study population we wished to determine
whether neck circumference was greater in our
population than in a matched non-quadriplegic
population. To do this we compared neck circumference and neck circumference adjusted
for height in the 40 quadriplegic patients participating in the study with values obtained in
38 able bodied men (aged between 30 and 50
years), chosen at random among the employees
of our institutions. The quadriplegic patients
had greater neck circumference (41-5 (0-7) cm)
than the normal subjects (38-9 (0-4) cm)
(p<0-005); neck circumference (cm) x 100/
height (cm) in quadriplegics was 23-2 (0-4)
compared with 21-7 (0-2) in normal subjects
(p<0 005). The mean age was similar for the
two groups: quadriplegics 35-0 (1-7) years;
normal subjects 36-5 (1-2) years (NS).

SLEEP COMPLAINTS AND SLEEP ARCHITECTURE
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Six patients (15%) "often" complained of excessive daytime sleepiness, 13 (32-5%) "sometimes", five (12-5%) "rarely", and 16 patients
(40%) "never" complained of daytime sleepiness. The degree ofself reported daytime sleepiness was directly related to the frequency of
sleep arousals of all types (p = 0 -02) but not
with respiratory arousals alone - that is,
arousals following apnoeas or hypopnoeas.
Sleep architecture for various age categories is
shown in table 4 and compared with normative
data from the literature.'6 There was evidence
of considerable sleep disturbance in the quadriplegic population studied with a consistent increase in the percentage of stage 1 and a
corresponding decrease in the percentages of
stage 2 and REM sleep across all age groups
compared with a control population. REM
sleep appeared to be reduced both in minutes
and as a percentage of total sleep time. Total
sleep time was increased compared with previously published normal values.'6

Sleep apnoea in patients with quadriplegia

of sleep disordered breathing (snoring, choking
episodes, daytime sleepiness) in the six patients
who responded to the questionnaire but declined polysomnography, and the 40 who were
studied. However, we have no information on
body mass or sleep symptoms in 26 patients
originally approached, and it is impossible
therefore to totally exclude some selection bias.
We believe the study population was representative of all quadriplegic patients in our
state and is similar to quadriplegic patients in
other centres with respect to sex distribution
and age.'7 The home polysomnography is unlikely in our opinion to have led to an overestimation of sleep disordered breathing or
sleep disturbance. The quality ofthe recordings
was excellent, attributable in part perhaps to
the relatively fixed sleeping position of our
subjects, and it is likely that polysomnographic
recordings conducted in a familiar setting
would, if anything, lead to fewer sleep disturbances than in a laboratory.
The observed prevalence of sleep disordered
breathing appears to be much higher than expected from previously published sleep study
data in normal subjects (see table 1). A recent
polysomnographic study of a randomly chosen
sample of over 600 working men and women
(30-60 years of age) showed the prevalence of
sleep disordered breathing (defined as
RDI. 15) to be 9-1% for men and 4% for
women. 8 This compares with a prevalence
(RDI > 15) of 27 5% in the present study population. While there was an expected marked
sex bias towards males in the quadriplegics
studied, and snoring and obstructive apnoea is
more common in men, previous data on sex
differences obtained in a healthy population
indicate that this would not be sufficient to
explain the findings.'8
POSSIBLE CAUSES OF SLEEP DISORDERED
BREATHING

We had anticipated that the major sleep breathing abnormalities in quadriplegia would be

central apnoea and prolonged sleep hypoventilation due to sleep-induced failure of already weakened inspiratory muscles. The
finding of predominantly obstructive apnoeas
was unexpected, although a recent study in
an older spinal injury population raised this
possibility." The spinal cord injury itself would
not have directly affected the motor innervation
of dilator muscles of the upper airway such as
the genioglossus and geniohyoid. One possible
explanation is that the medication taken to
control spasticity may have led to increased
upper airway hypotonia in sleep and thereby
more obstructive breathing events. Baclofen
was administered to 75% of the study population. This is a GABA agonist that has been
shown experimentally to decrease ventilation
and ventilatory responsiveness to hypercapnia
and hypoxia. '9 However, we recently conducted
a placebo controlled trial20 of the effects of
a single nocturnal 25 mg dose of baclofen on
sleep disordered breathing in a group of
patients with a history of persistent snoring and
found only a very small decrease of baseline
SP02 and no increase in disordered breathing
events. Based on these findings we think it
unlikely that nocturnal administration of baclofen alone would explain the high frequency
of obstructive breathing events in our quadriplegic population. Furthermore, in the present study baclofen dose did not correlate with
RDI. Another central nervous system depressant, diazepam, was taken by 57% of our
study population. Benzodiazepines have been
shown to increase sleep disordered breathing.2A
The mean dose of diazepam administered at
night in our study (8-2 mg) may have been
sufficient to induce some sleep disordered
breathing.2' However, like baclofen, there was
no correlation between nocturnal diazepam
dose and RDI. Another possible explanation
for the high prevalence of disordered breathing
is the sleep posture of quadriplegic patients;
63% of the study population spent the entire
study night supine, a sleeping position known
to be associated with increased upper airways
obstruction.
It was found that the frequency of disordered
breathing events in sleep correlated with neck
circumference, an observation that fits with
earlier findings in non-quadriplegic populations.22-24 The possibility arises from these
data that the high prevalence of sleep disordered breathing in our population may have
been due to increased neck circumference
which in turn may have been related to increased body mass. Indeed, we found that mean
neck circumference in our study population
was greater than that in a matched, able-bodied
healthy population. There are other potential
explanations for an increase in neck circumference in quadriplegic patients apart from
a generalised increase in body mass - for example, neck muscle hypertrophy, redistribution
of body fat. However, we think these explanations less likely since in a preliminary
analysis of our results we found that abdominal,
chest, and neck circumferences were significantly correlated with one another and each
was correlated with the frequency of sleep dis-
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Discussion
The main findings of this study were that 2530% of stable quadriplegic patients had significant sleep disordered breathing and that the
main abnormality of breathing was obstructive
sleep apnoea rather than central apnoea or
hypoventilation. The findings were particularly
striking given the young age of the patients. In
none of the affected patients had sleep apnoea
been previously diagnosed. We think it is unlikely that selection bias could explain the high
prevalence of sleep disordered breathing in our
study. Firstly, the age and sex distribution of
the 40 patients studied was not different from
that among the patients who were potentially
eligible but were not studied. Therefore, the
patients studied could not have had a higher
prevalence of sleep disordered breathing because of older age or because of a greater
preponderance of males. Secondly, there is no
reason to believe that the patients excluded on
the basis of domicile - that is, residing in
another state - would have a higher or lower
prevalence of sleep breathing problems.
Thirdly, there was no difference in symptoms
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CLINICAL IMPLICATIONS OF THE PRESENT
FINDINGS

It has been shown in previous studies that sleep
apnoea is associated with increased daytime
sleepiness,25 cognitive impairment,26 and increased cardiovascular morbidity and
mortality.'52728 A significant proportion (45%)
of our study population complained of daytime
sleepiness. Daytime sleepiness appeared to be
related to the presence of fragmented sleep
although it seems from our data that the sleep
fragmentation was not explained entirely by
apnoea or hypopnoea associated arousals. Further investigation is required to determine if
there are other causes of sleep arousals and
sleep disturbances in this population such as
upper airways resistance syndrome.29 Age adjusted sleep architecture appeared to be abnormal in the study population as a whole with
increased percentages of stage 1 non-REM
(light sleep), decreased stage 2 non-REM, and
decreased REM sleep (table 4). Daytime sleepiness is likely to have special significance in this
population since it impacts most on sedentary
activities such as reading and television viewing
which may assume greater importance in quadriplegic than in non-quadriplegic populations.
Recent studies have indicated that untreated
obstructive sleep apnoea is associated with increased cardiovascular mortality.152728 In one
study patients with an apnoea index of >20/
hour had a cumulative mortality of approximately 20% at five years.'5 The cause of
death in patients with sleep apnoea appears to
be due mainly to sudden cardiovascular events
such as stroke and myocardial infarction.28 In
the present study six patients (15 %) were found
to have an apnoea index of >20/hour of sleep,
placing them potentially in a high risk category.
Whether quadriplegic patients are more or less
vulnerable to the cardiovascular complications
of sleep apnoea is not known. There have been
a number of studies showing an association
between snoring/sleep apnoea and systemic hypertension,3032 although there is controversy as
to whether sleep disordered breathing is a truly
independent risk factor and whether the increased prevalence of hypertension in patients
with sleep apnoea might not instead be explained by obesity.23 In the present study sys-

tolic and diastolic blood pressures correlated
with the frequency of disordered breathing
events during sleep. There was no association
found between blood pressure and an index of
body mass (neck circumference). Only two
(5%) of the patients could be considered to be
hypertensive by conventional criteria (diastolic
pressure >95 mm Hg). The disruption of
normal sympathetic reflex innervation could
conceivably provide some protection in quadriplegic patients with sleep apnoea against sudden arrhythmias and the development of
hypertension.
Treatment options in able-bodied patients
with obstructive sleep apnoea include weight
reduction, removal or reduction of sedating
substances, surgical correction of specific abnormalities of the upper airway, and, in moderate to severe cases, nasal continuous positive
airway pressure (CPAP) at night.3' Because of
the statistical association between neck circumference and supine sleep posture with RDI
observed in the present study, some quadriplegic patients may respond to weight reduction or changing sleep position. Minimising
the use of sedating antispasm medications is
logical although we have no evidence from this
study (see above) that these medications were
responsible for sleep disordered breathing in
our population. Specific upper airways anatomical abnormalities have not been detected
in any of our patients. The use of nasal CPAP
should be recommended to the more severely
affected patients and may require special care
and closer follow up, particularly in those
patients who are unattended at night.
In conclusion, we have shown in a representative sample population of quadriplegic
patients a prevalence of potentially serious sleep
disordered breathing which is more than twice
that previously reported in an able-bodied
population of similar age and sex distribution.
Sleep disordered breathing in quadriplegics appears to be mainly obstructive in type and
to be strongly associated with increased neck
circumference, as it is in able-bodied patients,
and to be more significant in those patients
who sleep supine. It is associated with higher
systolic and diastolic blood pressure. Quadriplegic patients appear to have disrupted sleep
patterns and complain frequently of excessive
daytime sleepiness which may, at least in part,
be the result of sleep apnoeas and hypopnoeas.
Further investigation is required to evaluate
the full clinical significance of sleep disordered
breathing in quadriplegic patients, its causes
and treatment.
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