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Sustained release choline theophyllinate in nocturnal asthma

G B RHIND, J J CONNAUGHTON, J McFIE, N J DOUGLAS, D C FLENLEY

Abstract

Nocturnal wheeze is common in patients with asthma, and slow
release theophyllines may reduce symptoms. As theophyllines
are stimulants of the central nervous system the effect of 10 days'
twice daily treatment with sustained release choline theophyl-
linate or placebo on symptoms, overnight bronchoconstriction,
nocturnal oxygen saturation, and quality of sleep were studied in
a double blind crossover study in nine stable patients with
nocturnal asthma (five men, four women, age range 23-64 years;
forced expiratory volume in one second (FEVI) 0*85-3-8 1; vital
capacity 1-95-6-1 l). When treated with the active drug ali patients
had plasma theophyliine concentrations of at least 28 mmol/l (5
,tg/ml) (peak plasma theophyiline concentrations 50-144 mmol/l
(9-26 [tg/ml)). Morning FEV, was higher when treated with
sustained release choline theophyllinate (2-7 (SEM 0.3) 1) than
placebo (2-1 (0.3) 1) (p <0.01). Both daytime and nocturnal
symptoms were reduced when the patients were treated with
sustained release choline theophyllinate and subjective quality of
sleep was improved (p <0*002). When treated with the active
drug, however, quality of sleep determined by electroencephalo-
graphy deteriorated with an increase in wakefulness and drowsi-
ness (p <0*05) and a reduction in non-rapid eye movement sleep
(p <0*005). Treatment with choline theophyllinate had no effect
on either the occurrence or the severity of transient nocturnal
hypoxaemic episodes or apnoeas or hypopnoeas.

In conclusion, sustained release choline theophyllinate pre-
vents overnight bronchoconstriction but impairs quality of sleep
defined by electroencephalography.
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Introduction

Nocturnal and morning wheeze are common symptoms of patients
with asthma. These patients have overnight decreases in peak
expiratory flow rate or forced expiratory volume in one second
(FEVy).' Possibly as a result of this bronchoconstriction they sleep
less well and become more hypoxaemic during the night than do
normal subjects.2

Although regular inhaled treatment reduces the overnight fall
in peak flow rates in those patients who have taken their treatment
"as required,"4 some patients still complain of nocturnal symptoms
despite adequate inhaled treatment. As a result of this the
therapeutic effect of oral long acting 2 agonists and theophylhnes
has been studied,56 and sustained release theophylline can improve
nocturnal symptoms and the morning decrease in peak flow rates
("morning dip") in such patients.6 Preparations of sustained release
theophyllines are now used widely to treat nocturnal asthma.
Theophylline is also, however, a stimulant of the central nervous
system and caffeine, a related derivative ofxanthine, interferes with
the quality of sleep in normal volunteers.7 We therefore determined
the effect of sustained release choline theophyllinate on both
symptoms and peak expiratory flow rate and also on quality of sleep
and nocturnal hypoxaemia in patients with nocturnal asthma.

Patients and methods

Nine asthmatic patients were studied (table I) in whom the airways
obstruction showed an improvement of greater than 15% in FEV, with
inhaled 2 agonists and spontaneous variability of more than 20% in the
FEV, recorded at outpatient clinics during the previous two years. All
patients complained of nocturnal wheeze, all were atopic, and none smoked.
All were clinically stable, none having had an exacerbation of their asthma
during the previous six weeks. Each patient regularly inhaled f32 agonists,
eight inhaled steroids, two inhaled disodium cromoglycate, and three
inhaled ipratropium bromide. No patient was taking oral theophyllines, oral
132 agonists, ketotifen, oral prednisolone, sedatives, hypnotics, or anti-
histamines. All inhaled treatment was withheld for six hours before the start
of recording on the study night. Patients were also asked to avoid drinks
containing caffeine (coffee, cola, cocoa, or tea) for six hours before recording
as caffeine is a bronchodilator.8 Each patient gave written informed consent
to enter the study, which was approved by the hospital ethical committee.
A randomised placebo controlled double blind crossover study design was

used. The patients received 1272 mg of a sustained release choline
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theophyllinate each day (Sabidal-SR, Zyma, United Kingdom), equivalent
to 810 mg of anhydrous theophylline in divided doses (270 mg theophylline
each morning and 540 mg 12 hours later), or placebo, given in similarly
divided doses by mouth for the 10 days preceding and including the study
night. Throughout the study patients kept a daily diary card, scoring both
daytime and nocturnal symptoms of wheeze and cough and their subjective
quality of sleep. Peak expiratory flow rate was recorded on each morning and
evening before the inhalers were used.
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submental electrodes; ear oxygen saturation (Hewlett Packard 47201A ear
oximeter), which was also recorded on a separate recorder (Bryans 28000,
Gould Bryans Instruments) running at 0 5 mm/second; chest and abdominal
movements, measured by induction plethysmograph (Respitrace Inc, New
York) and analysed on line by a PDP 11/40 computer; and air flow at nose
and mouth, recorded by thermocouples mounted on nasal prongs.

Apnoeas and hypopnoeas were defined as previously described9' and
stages of sleep measured by electroencephalography defined by standard

TABLE I-Data on patients studied

Age FEV, Vital Inhaler
Case No (years) (1) capacity (1) treatment

1 56 0-8 3-1 12 agonist; ipratropium bromide; steroid
2 62 2 5 3-9 12 agonist; ipratropium bromide; steroid
3 45 3-0 4-4 12 agonist; disodium cromoglycate
4 28 3-3 4-2 12 agonist; ipratropium bromide; steroid
5 44 2-4 3-6 12 agonist; steroid
6 43 1 9 2-3 12 agonist; steroid
7 24 4-0 6-0 12 agonist; steroid
8 54 2-0 3-1 12 agonist; steroid
9 23 3-3 3-7 12 agonist; disodium cromoglycate; steroid

FEVI=forced expiratory volume in one second.

TABLE ii-Oxygen saturation and episodes of hypopnoea and apnoea when treated with
placebo and active drug. Values are means (SEM)

Oxygen saturation (%)

Treatment on Asleep (lowest No of hypoxaemic No of episodes No of episodes
study night Awake* value)* episodes*t of hypopnoea*t of apnoea*t

Placebo 96(0-5) 89(1-2) 2 31(10) 6(2)
Theophylline 96(0-5) 90(1-3) 2-1 37(12) 6(3)

*Differences between treatments not significant.
tTotal number for entire study night.
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FIG 1-Overnight plasma theophylline concentrations. Area between
broken lines is optimal therapeutic range (56-111 mmol/l (10-20
ig/ml)).
Conversion: SI to traditional units-Plasma theophylline: 1 mmoUl

-0- 18 [Lg/ml.

The patient slept in a quiet darkened room on the final two nights of each
part of the study. On each occasion the first of these two nights was used to
acclimatise the patient to the equipment and surroundings, and only data
from the final night of each part of the study were analysed. The patients'
FEV, and vital capacity were recorded on the study night before sleep and
after final awakening before using their inhalers. The following were

recorded on an 18 channel recorder (Neuroscribe 180, SLE), running at 15
mm/second throughout each study night: electroencephalogram from two
midline frontoparietal electrodes, electro-oculogram from four electrodes
placed outside and above the outer canthi, and electromyogram from two

criteria." A 10 ml sample of venous blood was taken on the acclimatisation
night between 180 and 240 minutes after the evening dose of choline
theophyllinate to assess peak concentrations of theophylline. This sample
was taken on the acclimatisation nights to prevent disturbing sleep on the
nights of study. On the study night further 10 ml venous blood samples were
taken before the evening dose of the drug was taken and at final awakening to
measure the trough concentration. The plasma was stored at -20°C until
assayed for theophylline and caffeine by high performance liquid chromato-
graphy. 12 Comparisons were made by Student's t test for paired data and by
analysis of variance with the method of Newman and Keuls.

Results

Peak and trough plasma theophylline concentrations (fig 1) show that on
the study night (2300-0600) most plasma theophylline concentrations were
in the optimal therapeutic range of 56-111 mmol/l (10-20 [sg/ml).

In two patients (cases 3 and 9) although plasma theophylline concentra-
tions were never in this optimal therapeutic range, they were always above 28
mmol/l (5 sg/ml). One patient (case 6) had a peak serum concentration of
144 mmol/l (26 sg/ml) and experienced nausea. Caffeine concentrations
ranged from 0 to 12 mmol/l (0 to 2 2 ig/ml) (mean 4 2 mmol/l (0 8 ,ug/ml)),
which were lower than those previously shown to have a therapeutic effect. 3
On the study nights when receiving placebo all patients showed an

overnight decrease in mean (SEM) FEV1 (2 6 (0 3)1 to 2 1 (0 3)1; p<0 01).
Choline theophyllinate treatment abolished this nocturnal bronchoconstric-
tion, FEV, before sleep being 2-8 (0-3)1 and morning FEV, 2-7 (0 3)1 (NS)
(fig 2).
Peak expiratory flow rate recorded by the patients at home also showed

that treatment with choline theophyllinate abolished overnight bronchocon-
striction: when treated with placebo the mean (SEM) evening peak
expiratory flow rate was 354 (30) 1/minute and mean morning peak
expiratory flow rate 305 (31) 1/minute (p<001), whereas when given the
active drug mean evening peak expiratory flow rate was 372 (36) I/minute
and morning peak expiratory flow rate 359 (31) 1/minute (NS). In contrast
with the study nights no restriction was placed on the use of the inhalers at
home, and the morning values were recorded after the use of (2 agonist
inhalers before sleep. The patients scored their use of inhaled (2 agonists on a
scale of 0 (less than usual), 1 (the same as usual), and 2 (more than usual) and
used such inhalers less often when treated with the active drug than with the
placebo (0-7 v 1 1; p<OO1). The mean daily symptom score, based on a scale

I
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of 0 (symptom free) to 4 (severe wheeze), showed a significant reduction in
daytime wheeze with the sustained release theophylline compared with
placebo (0 7 v 1-2; p<0-01), but there was no difference in morning cough
(0-6 v 0-7; NS). The patients' score for subjective quality of sleep, also based
on a score of 0 to 4 (0 = good sleep, 4 = very poor sleep), was better when
treated with active drug than when receiving placebo (0 7 v 1-4; p<0002).

This subjective improvement in quality of sleep was not confirmed by the
sleep stages determined by electroencephalography on the study nights. The
mean (SEM) study time was the same when treated with the active drug and
the placebo (423 (7) v 420 (2) minutes, respectively). There was no difference
in the mean time from "lights out" to onset of sleep between the two
treatments (32 (9) v 20 (6) minutes, respectively; NS). The mean total sleep
time (the sum of sleep stages 1,2,3,4, and rapid eye movement sleep),
however, was significantly less when treated with the active drug than with
placebo (293 (27) minutes v 340 (17) minutes, respectively; p<005).
The mean (SEM) time from onset of sleep to final awakening (the sleep

period time) was not significantly different on the two study nights (388 (11)
minutes when treated with active drug; 401 (7) minutes with placebo). When
the patients were receiving choline theophyllinate more of the sleep period
time was spent in intervening wakefulness and drowsiness (sleep stages 0 and
1; mean (SEM) 31 (7)% when treated with active drug v 21 (5)% with
placebo; p<005) and less spent in slow wave sleep (stages 3 and 4; 17 (2)%
with active drug v 24 (4)% with placebo; p<0005).
There was no difference in the mean (SEM) percentage of time spent in

either rapid eye movement sleep (14 (2)% when treated with active drug v 16
(2)% with placebo; NS) or in stage 2 sleep (37 (3)% with active drug v 37 (2)%
with placebo; NS). Although there was no significant reduction in rapid eye
movement sleep when the patients received choline theophyllinate, only one
of the nine patients spent more time in rapid eye movement sleep when
treated with the active drug. Overall, the mean (SEM) sleep efficiency index
(total sleep time/sleep period time) was lower when patients were treated
with choline theophyllinate than placebo (70 (7)% v 81 (4)%; p<005).
The changes in sleep time did not correlate with plasma theophylline

concentrations.
The number of times that oxygen saturation fell by more than 4%, the

magnitude ofthese falls, and the number and duration ofepisodes ofapnoeas
and hypopnoeas were not significantly different with either treatment (table
II).

4*0

3-0

FEV1 ( ,31 )
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Placebo Choline
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FIG 2-Forced expiratory volume in one second (FEVI) before and
after sleep after treatment with choline theophyllinate and placebo.
*p<O0O1.

Discussion

The results of this double blind placebo controlled crossover
study confirm that sustained release choline theophyllinate can
abolish overnight bronchoconstriction and improve nocturnal
symptoms in patients with nocturnal asthma.6 Furthermore, this
improvement occurred in asthmatic patients whose nocturnal or
morning symptoms remained despite taking regular inhaled treat-
ment.

Asthmatic patients sleep poorly.2 3 Abolition of overnight bron-
choconstriction and improvement in nocturnal symptoms might
have improved sleep in patients with nocturnal asthma. Our results
show, however, that theophylline impaired the quality of sleep, as
determined objectively by electroencephalography, by increasing
wakefulness and drowsiness and reducing slow wave sleep (stages 3

and 4). Preliminary results have also suggested that theophyllines
may reduce the quality of sleep in patients with chronic bronchitis,'3
but nocturnal symptoms are less troublesome in these patients. The
paradoxical improvement in the subjective quality of sleep in
asthmatic patients may reflect the patients equating the quality of
sleep with reduction in symptoms as they may not recognise or
remember brief periods of wakefulness if these are not associated
with wheeze. The consequences of the observed disturbances of
patterns of sleep are unknown. Gross disruption of sleep impairs the
daytime performance, but further studies are required to determine
the clinical importance, if any, of the disturbance in sleep that we
have described.
A preliminary report by Fleetham et al suggested that nocturnal

hypoxaemic episodes were less severe in chronic bronchitic patients
who were treated with theophyllines.'3 We have shown, however,
that the mild transient nocturnal hypoxaemic episodes seen in
asthmatic patients are not reduced either in number or in magnitude
by theophylline, suggesting that these episodes are not caused solely
by bronchoconstriction.

Similarly, despite the respiratory stimulant activity of theo-
phylline, apnoeas and hypopnoeas during sleep in these asthmatic
patients were not reduced in either number or duration. This is
similar to some observations in patients with the sleep apnoea
syndrome,'4 though others have found that theophyllines may
improve breathing during sleep in such patients.'5
We conclude that controlled theophylline treatment improves

both the symptoms and subjective quality of sleep in asthmatic
patients who still experience nocturnal symptoms and a morning
reduction in peak expiratory flow rate despite taking regular inhaled
treatment with 12 agonists. Even "therapeutic" serum concen-
trations of theophylline, however, may result in chronic reduction
in quality of sleep as assessed objectively. The improvement in peak
expiratory flow rate and the subjective quality of sleep, however,
may be more important to the patient than this deterioration in
quality of sleep defined by electroencephalography. We suggest that
theophylline is an important drug in the treatment of nocturnal
asthmatic symptoms but that the long term effects of the distur-
bances in sleep produced require long term studies as they may be a
factor in the behavioural and learning difficulties that have been
reported in young patients receiving such treatment. 16

We thank Mrs C Hoy and Mrs L Sharp for technical help and Zyma UK
for its financial support.
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