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ABSTRACT: In a double-blind cross-over study, the effects of slow release (S
R) terbutaline tablets (b.i.d. 0.25 mg/kg per day) and S-R theophylline (5.31 
mg/kg morning and 10.62 mg/kg evening) were compared in eleven patients 
with nocturnal asthma. On day seven of each treatment period, drug serum 
concentrations and peak expiratory flow (PEF) were measured every 2h over a 
24-h period. During daytime, terbutaline concentrations ranged from 1.6-14.1 
(median 4.5) !Jg/f and during the night from 2.1-18.7 (median 4.9) flmf l. 
Theophylline concentrations ranged from 3.9-24.3 (median 11.5) mg/f during 
the day and from 3.3-20.9 (median 10.4) mg/f at night. Nocturnal wheezing 
occurred during theophylline treatment in four patients 7 times and during 
terbutaline treatment in six patients 22 times. Daytime PEF values were 
472 ± 161 //min during theophylline therapy versus 445 ± 169 !/min during 
terbutaline therapy (p < 0.05). In the night and early morning there was no 
significant difference between PEF values with the two treatment forms. During 
theophylline treatment, fewer inhalations of p2-sympathomimetics were used, 
and there were fewer side effects. One patient experienced severe asthmatic 
attacks during the terbutaline treatment period.. The patients preferred 
theophylline for the treatment of nocturnal asthma. 
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Patients with nocturnal asthma have been success
fully treated with slow-release theophylline prepara
tions provided adequate serum theophylline concen
trations were achieved during the critical period in the 
early morning [1-5]. Slow-release terbutaline prepara
tions have been recommended for maintenance 
therapy of airway obstruction [6] and recently for 
treatment of nocturnal asthma [7-12]. The purpose of 
the present study was to compare a non-specifically 
individualized treatment fonn of S-R theophylline, 
administered in unequally divided doses, to that of an 
oral S-R terbutaline regimen in patients with noctur
nal asthma. 

Patients and methods 

Patients 

Eleven patients with nocturnal asthma (i.e. revers
ible airflow obstruction) aged 18-58 yrs (mean 39 yr) 
gave informed consent to voluntary participation in 
the study (table 1). Patient selection and physiological 
evaluation of functional status were based on routine 
lung function studies, including static and dynamic 
lung volumes. Most patients had been on long-term 
theophylline treatment for at least eight months 
before entering the study. During the study patients 
were allowed to use their standard medication, 
which included inhaled and/or oral steroids, as well 
as additional inhalations of ~2-sympathomimetics. 

Characteristics of the patient's lung function are 
included in table 1. 

Study design 

The study was performed as a double-blind, 
randomized cross-over trial during two consecutive 
weeks. Combinations of active and matched placebo 
were used so that the patients took the same type and 
number of tablets after breakfast (6.00-9 .00 a.m.) and 
at 9.00 p.m .. This timing was chosen to mimic the 
general practice of drug intake in ambulant patients. 
During the run-in period patients stayed on their 
previous drug regimen. The treatment weeks con
sisted of: 
I) The administered doses ranged from 386- 900 mg 
theophylline per day (Euphyllin CR (c) capsules, Byk 
Gulden, F.R.G., 150, 250, 350 mg aminophyl
line= 129, 214, 300 mg anhydrous theophylline per 
tablet) administered in unequally divided doses (1 /3 in 
the morning, 2/3 in the evening). The dosages were 
selected according to the clinical condition of the 
patients and in most cases the previous dose regimen 
could be continued. 
2) 15 mg terbutaline (Bricanyl Duriles (c) Astra, 
Sweden, 7.5 mg per tablet) twice daily as recom
mended by the manufacturer. During the whole test 
period patients were asked to measure peak expira
tory flow (PEF) with a mini Wright peak-flow meter. 
At home the PEF recordings were only made during 
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Table 1.- Anthropometric and clinical data 

Patient Size Sex Age Weight Medication FEY/ PEF2 PEF3 Side 
% l/min l/min effects 

em kg A B4 p A B4 A B 

1 168 F 47 54 OS,IB 74 300 260 317 301 279 MD,T 
2 153 F 56 56 ISJB,AH,TQ 53 340 295 357 352 323 D,T 
3 155 F 49 63 OS,IS,lB 55 169 158 182 182 185 D 
4 175 M 35 76 OS,IB,IDC 71 599 589 550 569 568 D 
5 161 F 58 59 m.os 38 381 420 435 425 400 N,T D 
6 186 F 41 80 IB 82 738 730 727 736 720 T 
7' 167 F 24 58 IDC,ML 72 453 445 443 469 409 T 
8 163 F 18 50 1B 80 509 433 425 491 432 H,T,N 
9' 179 M 23 60 IB 72 619 617 588 601 613 
10 162 F 22 55 JB.IS 68 421 420 412 436 422 
11'·· 168 M 51 65 IB 42 (220) (268) (286) D AA 

x: 453 437 444 456 435 
SD: 169 174 151 158 161 

AA: asthmatic attAck; AH: oral antihislaminics; D: dyspnoea; H: heart palpitation; IB: inhaled 3
2
-mimetics; IDC: inhaled disodium 

cromoglycare; IS: inhaled steroids; MD: morning dyspnoea; ML: mucolytics; N: nausea; OS: oral steroids; so: standard 
deviation; T: tremor; TQ: tranquiUizer. !)values taken from patients documents; 2) mean values of hospital recordings over 
a period of 24 h; 3) mean values of home recordings during the day; 4) treatment periods; A: theophylline; B: terbutaline; 
P: prephase; s: smoker; *: drop out, results excluded. 

the daytime every 4h from 8 a.m.-8 p.m. (best of 3 
blows). Additional inhaled P2-sympathomimetics, 
symptoms and side-effects were documented in a 
diary throughout the study period. Patients were told 
to continue their usual diet and activity. 

On the seventh day of each week the patients stayed 
in hospital for 24 hs. Regular hospital meals were 
given at 8 a.m., 12 a.m., 2.30 p.m. and 6 p.m. The last 
dose of either theophylline or terbutaline was taken 
by the patients at 9 p.m. Between 10 p.m. and 8 a.m. 
the lights were switched off and the patients stayed in 
bed. Blood samples were obtained from an indwelling 
venous catheter or by venous puncture at 8 a.m. and 
every 2 h over a 24-h period. Peak-flow rates were 
measured immediately after each blood sampling with 
the best of three readings recorded. During the night 
(10 p.m.-5 a.m.) and in the early morning (5 a.rn.- 8 
a.m.) samples were taken, disturbing sleep as little as 
possible. The patients were then woken and sat up for 
measurement of PEF. According to the evidence 
presented by HETZEL and CLARK [13] any relevant 
influence of our experimental conditions on nocturnal 
asthma is unlikely. 

Determination of drugs 

Serum was stored for terbutaline determination at 
- 30°C and for theophylline determination at +4°C. 
Serum theophylline concentrations were measured 
within ten days by fluorescence polarisation immu
noassay (theophylline reagent pack 2, Abbott Labo
ratories, North Chicago, USA). Terbutatioe serum 
concentrations were measured using gas chromato
graphy-mass spectrometry according to LEFERTNK et 
a!. [14]. 

Statistical analysis 

Results are expressed as means + standard 
deviation (so). The paired t-test was used to compare 
mean levels of PEF time curves. To reveal possible 
differences in PEF time courses due to treatment 
effects, a multivariate analysis of variance (MA
NOVA) for a repeated measure design with two 
within factors was used [15]. If the whole 24-h test 
period was analysed with this programme. only every 
second PEF value of each course was used. A single
sided Wilcoxon test (Matched-pairs-signed-ranks
test) was used to compare the incidence of asthmatic 
attacks. 

Results 

Serum drug concentrations 

The time course of theophylline and terbutaline 
serum concentrations, during steady state conditions 
recorded in hospital, is shown in figures l and 2. Peak 
theophylline serum concentrations ranged from 5.6-
24.3 mgfl in the daytime (8 a.m.-8 p.m.), from 7.6-
20.9 mgj/ at night (10 p.m.-5 a.m.) and from 7.3-
20.0 mgf/ in the early morning (5 a.m.- 8 a.m.). Trough 
theophylline serum concentrations were between 
3.9- 11.7 mg// during daytime, between 3.3- 11.0 mgf/ 
at night and between 7.2-18.2 mgfl in the early 
morning. Patient 4 took the evening dose delayed at 
12.00 p.m. The expected increase of theophylline 
serum concentration was not observed however. In 
patient 3 high theophylline serum concentrations 
of 24.3 mgjl at 8 a.m. and of 20.9 mgfl at 2 a.m. were 
not associated with any subjective side effects. 
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clock·Ume (h) 

Fig. I. Serum theophylline concentrations (mg//) for an unequally 
divided, twice-daily theophylline regimen in ten patients over a 24-h 
period. Patient I ( -0- ), 2( ..._ ), 3( ..... ) , 4( -o- ), 5( ..... ), 6( -D-), 
7( ....... ). 8( -fr ), 9( .........._ ). 1 0( + ). 

" 

clock-lime (h) 

Fig. 2. Serum terbutaline concentrations (llg/ 1) for a twice-daily 
terbutaline regimen in ten patients over a 24-h period. Patient I 
(-8-), 2( ...... ), 3( ..... ), 4(-0- ), 5(-a-), 6(-D-), 7( ........ ), 
8( -t:r ). 9( ++ ), 10( + ). 

Serum theophylline concentrations of patient 9 were 
below the recommended therapeutic range of 8- 20 
mgf I [ 16, I 7] during the whole test period. In all of the 
other patients theophylline serum concentrations 
were mainly within the therapeutic range during the 
night. 

Peak terbutaline serum concentrations ranged from 
4.5- 14.1 ~gf/ in the daytime, from 4.5-18.7 ~gfl 
during the night and between 4.6- 15.1 ~g/ I in the 
early morning. Trough terbutaline serum concentra
tions were between 1.6- 7.3 ~g/l during daytime, 
between 2.1-8.0 v.gf/at night and from 2.1-14.7 ~gfl 
in the early morning. Patients 8 and 9 took the 
evening dose delayed at 10.05 p.m. 

Pulmonary function 

Mean values of averaged daytime PEF obtained 
from ten patients during theophylline treatment 
showed somewhat higher values than during terbutal
ine treatment ( 472 ± 161 //min versus 445 ± 169 1/min, 

p < 0.05). Although statistically significant, clinically 
this difference seems not to be relevant. Mean values 
of averaged night-time and early morning PEF 
showed no significant differences between both treat
ment periods (night-time: 435 ± 181 //min (theophyl
line), 424 ±58 //min (terbutaline), p > 0.05; early 
morning: 434 ± 175 /jmin (theophylline), 437 ± 187 
//min (terbutaline), p > 0.05). During the whole 24-h 
test period mean ·values of averaged PEF (435± 169 
ljmin versus 437 ± 174 //min, p > 0.05) were not 
statistically different between both treatment forms 
(table 1). In addition a multivariate analysis of 
variance was performed with these data. No signifi
cant differences could be detected between the 
terbutaline and theophylline treatment period during 
day, night, early morning and the whole 24-h test 
period (fig. 3). Mean PEF values obtained during 
home recording periods, which did not include the 
night-time, are shown in table I. There was no 
significant difference between the PEF values during 
the two treatment periods and the pretreatment 
period. 

A difference was found in the additional use of f32-

sympathomimetics. During the seven days of terbu
taline treatment eight patients used f32-sympathomi
metics 79 times by inhalation (fig. 4) because of 
symptoms, whereas five patients used ~2-sympatho
mimetics 27 times during the theophylline treatment 
period (p>0.05). Daytime wheezing occurred 37 
times in seven patients under terbutaline therapy and 
18 times in four patients under theophylline treatment 
(p>0.05). Nocturnal wheezing (10 p.m. to 5 a.m. was 
found 22 times in six patients under terbutaline 
treatment and 7 times in four patients under 
theophylline therapy. Early morning dyspnoea (5 
a.m.-8 a .m.) occurred 20 times in six patients during 
the terbutaline treatment period but only 4 times in 
three patients under theophylline therapy (p < 0.05). 

During the hospital stay under terbutaline treat
ment, six patients used inhaled ~2-sympathomimet-

clock time (h) 

Fig. 3. Averaged peak expiratory flow rates (//min) for a 
terbutaline ( + - - +) and an unequally-divided, twice-daily theo
phylline (0--0) regimen in ten patients over a 24-h period. 
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Pig. 4. Use of aerosol ~1-mimctios because of asthmatic altacks 
during terbutaline (light shaded bars) and an unequally-divided 
theophylline (dark shaded h;trs) regimen in ten pa tients with 
nocturnal as1hma. Daytime (d): 8.0()-22.00 h: night (n): 22.00 -
5.00 b.; c:trly-moming {m): 5.00- 8.00 h. 

ics 18 ti mes, whereas only four patien ts complained o f 
.nine asthmatic attacks during the corresponding 
theophylline treatment period (p > 0.05). Daytime 
wheezing occurred 8 tunes in five patients under 
terbutaline therapy and 16 times in three patients 
under theophylline treatment (p > 0 .05) . Noct urn a I 
wheezing ( 10 p.m.- 5 a.m .) was found 6 times in three 
patients under terbutaline treatment and 2 times in 
one patient under theophylline therapy (p>0.05). 
Early morning dyspnoea (5 a.m .- 8 a.m.) occurred 4 
times in three patients during the terbutaline treat
ment period but only once in one patient under 
theophylline therapy (p > 0.05). 

During the week o f terbutaline treatment eight 
patients self-administered 61 additional inhalations of 
~2-sympathomimetics at home. During the theophyl
line treatment week four patients inhaled 20 times at 
home (p>0.05) (fig. 4). Daytime wheezing occurred 
29 times in six patients under terbutaline therapy and 
12 Limes in two patients under theophylline treatment 
(p > 0 .05). A significan t difference was found with the 
home recorded data at night ( 10 p.m.- 5 a .m .). Six 
patients used inha led ~2-sympathomimctics 16 times, 
whereas o nly three patients compla ined of five 
asthmatic attacks during the corresponding theophyl
Line treatment period (p < 0.05). Early mo rning 
dyspnoea (S a.m .- 8 a.m.) occurred 5 times in sixteen 
patients during the terbutaline treatment period but 
only 3 times in three patients under theophylline 
therapy (p > 0.05). 

fn the tested group of patents during the theophyl
line treatment period, a2-sympathomimetics were 
used 3 times per day a t home and 9 times per day in 
the hospital. With terbutaline, however, ~2-sympa
tbomitnetics were used J 0 times at home and in the 
hospital 18 times per day. The difference in the 
frequency of ~2-sympathomimetics use was not 
statistically significant (p > 0.05) between the two 
treatment periods with theophylline and terbutaline. 

Side-effects 

During the terbutaline treatment five patients 
complained of tremor of the hands and two patients 
had palpitations, which were not so intense during lhe 
time of sleep. Theophylline therapy caused nausea in 
one patient and in another patient a tendency for 
d iaphoresis. 

At the end of both treatment periods seven patients 
preferred theophylline therapy, due to superiority in 
preventing night-time wheezing (fig. 4). Patients 9 and 
10 could not differentiate between the two treatment 
forms. Patient 5 preferred terbutaline as he experi
enced nausea during the theophylline treatment 
period. One patient (No. II ) dropped out of the stud y 
as he developed severe asthmatic attacks during the 
first days of terbutaline trcatmenl. 

Discussion 

Nocturnal asthma is common in patients with 
marked bronchial hyperreactivity. Subjective percep
tion of this phenomenon, which has been ascribed to 
an increased amplitude of c ircadian PEF [2, 18- 20], is 
very different interindividually. Some patients have 
only very limited ability to assess their own airway 
function and, therefore, using o nly subjective com
plaints the need for therapy is o ften underestimated. 
In the present study we evaluated the therapeutic 
efficacy not only by asking patients about symptoms, 
but also by measuring PEF rates during the treatment 
periods. 

With regard to asthmatic symptoms the efficacy of 
supprcssi11g nocturna l attacks was greater during the 
theophylline treatment period (fig. 4). 

In patients I, 2, 4, 5, 7 and lO theophylline serum 
concentrations were in the middle and/or lower part 
o f the ' therapeutic range' (8- 20 mg/1) [16) (fig. 1). fo 
these patients a further increase of PE F va lues d uring 
the night and ea rly morning rni.ght be possible by 
administration of higher evening doses. 

In patient 3 theophylline serum concentrations 
were in the upper part of the therapeutic range a nd 
above. In patients 6. 8 and 9 the medicatio n provided 
seemed to be appropriate, since these patients reached 
the predicted PEF va lues of healthy people [21]. At 
home, however, one of these patients (No. 9) 
experienced a single asthmatic attack. 

Because of occasiona l observations o f a variety o f 
side-effects, including palpitatio ns [l l , 22, 23]. head
ache [ II , 22, 24], restlessness [23], tre mor f l 0], 
sweating [II], diZziness and tiredness [22) a thera
peutic range for terbutaline is difficult to establish. [n 
patients 2, 5, 7 and 9 serum terbutaline concentrations 
in excess of II ~gf/ were determined (fig. 2). These 
values a re hi.gher than those reported by KOF.TER et 
al. [10] with a comparable daily dosage and the 
incidence of side-effects may well be related to this 
find ing. It ind i.cates that a further increase of o ral 
terbutaline dosage is not possible. Because of the 
observed decrease in PEF during daytime, a reduced 
terbutaline morning dose would not have been 
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suitable. With respect to the high incidence of side 
effects in the presence of terbutaline it has to be 
considered, however, that this drug had to be given in 
a relatively higher dosage during the daytime com
pared to theophylline. 

We conclude that oral terbutaline was less effective 
than the chosen S-R theophylline regimen. Appropri
ate timing of administration and appropriate dosage 
of theophylline, which both need careful individual 
adjustment, are necessary to yield acceptable results. 
Further progress in the treatment of nocturnal 
asthma, both in terms of comfort for the patient as 
well as the ease and safety of application might be 
expected from the development of longer-acting 
inhaled P2-sympathomimetics. 
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RESUME: Nous avons compare, chez 11 patients atteints 
d'asthme nocturne, au cours d'un essai en double aveugle avec 
permutation croisee, les effets des comprimes de terbutaline a 
liberation lente (2 fois par jour, 25 mg par kilo et par jour) et ceux 
de Ia theophylline a liberation lente (dose matinale de 5.31 mg par 
kilo et dose vesperale de 10.62 mg par kilo). Au jour 7 de chaque 
pthiode de traitement, les concentrations seriques des medicaments 
et le debit de pointe ont etc mesunis toutes les 2 heures pendant 24h. 
Les concentrations de terbutaline atteignaient, pendant Ia journee 
de 1.6 a 14.1 (valeur mCdiane 4.5) ~g/1, et nuit de 2.1 a 18.7 (valeur 
mCdiane 4.9) ~gf/. Les concentrations de theophylline s'etalaient 
entre 3.9 et 24.3 (valeur mediane 11.5) mg/1 pendant le jour, et de 
3.3 a 20.9 (valeur mediane 10.4) mgf/ pendant Ia nuit. Des 
siffiements nocturnes ont existe au cours du traitement a la 
theophylline chez 4 patients a 7 reprises, et au cours du traitement a 
Ia terbutaline chez 6 patients a 22 reprises. Les valeurs du debit de 
pointe Je jour etaient de 472 ± 161 {/minute au cours du traitement a 
Ia theophylline, contre 445± 169 //minute au cou1s du traitement a 
Ia terbutaline. On n 'a pas note de difference significative Ia nuit et 
au petit matin entre les valeurs de debit de pointe obtenues avec les 
deux modalites thcrapeutiques. Au cours du traitement a Ia 
theophylline, on a utilise moins d'inhalations de beta 2 sympathi
cornimetiques, et les effets collaterau.x ont ete moins nombreu.x. Un 
patient a eu des crises asthmatiques severes au cours de Ia periode 
de traitement a Ia terbutaline. La preference des patients est allee a 
Ia theophylline pour le traitement de l'asthme nocturne. 


