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AbslNcl: ~ Symptoms of asthma c:ommonly Incrase at ..... t for a wriety of IaIOD8. WhIle 
cWferent options are available for the JIIIIIIIeIIlent of nocturnalastluaa, tbeophyIIIne ... Dllin1alned a 
prominent role In t:readn8 this problem, and it Is widely pt'OID01ed II a &nt-line .... Very recent reportI 
stress the use of anti-Inftammatot'y .... 11 II the drop of choice for the Ion&-tenD 1raI8aent of ........ 

Metbotls: Usin8 the key words "asthma," "theophylline," "bronchodUators," "adreaaI corta ........," 
"beclometbasone," "triamcinolone aeetonide," and "dIsodiDlD c:romogIJate," tbe MBDUNI8Ies were 
searched from 1982 to the present. Articles dating before 1982 were aa:e8Hd rrc. ClWl-nfaence oftbe 
more recent articles. 

llBSIIIIs: SUS1ained-releue theophylline preparatio .. are dIecdve In decreasina the rate • ~ 
of noctuma1l8tbma symptoms, but theophylline ... risks of major toDdty and 8el'IIID &lODceDIradoaI ..... 
be moDitorecl.lnhaled corticosteroids are alao uaefulln con1l'olllq IlOCIurD8lIl1hma, and they recba! 
'nftammation, which Is the bask: problem In as1hmaties. IDbaled an1:lcholinerp: and onI tlCMItroIIed-relea8e 
a1buterol are alao helpful In reduc:in& symptoB of noctuma1l81hmL 

CorIelllslmts: A sugestecl approach to .......... nocturnal asthma includes c:ortk:oI1aoicI inhaled 
throop a spacer device at optimum doses, adding Inhaled albuterol or onI sustlllned-relale aIbu1eroI 
and then ipratropilUD with a spacer. If con1ro11s not Dllin1alned with this repnen, s1Jl1alned-reIeIIe 
theophylline may add beneOt to Inhaled steroid therapy In reducing ..... Uime asthma ~. J.oat«Ibt& 
Inhaled ~2 &goals1l show promise and could be the Idjunc:tive treatment of choice when they became 
available In the United States. 0 Am Board F. Praet 1992; 5:281-8.) 

Theophylline is an effective agent for managing 
nocturnal asthma. Many authors have reported 
the efficacy of sustained-release fonns of theo
phylline for reducing symptoms associated with 
the "morning dip" or nighttime asthma. I-7 The 
purpose of this article is to examine the role of 
theophylline in managing this aspect of asthma. 
Specifically, we look at alternatives to theophyl
line and offer guidelines for detennining when 
theophylline is indicated. The issue presented in 
this article is not whether theophylline is effective 
in nocturnal asthma, because clearly it is helpful. 
The issue is whether safer alternatives are also 
efficacious. In light of the recendy launched Na-
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tional Asthma Education ProgramS by the Na
tional Institutes of Health emphasizing anti
inflammatory therapy for asthma and in light of 
continued reports of devastating theophylline 
toxicity,9-12 this issue is quite timely. 

Using the key words "asthma," "theophylline," 
"bronchodilators," "adrenal cortex hormones," 
"beclomethasone, " "triamcinolone acetonide," 
and "disodium cromoglycate," the MEDLINE 
files were searched from 1982 to the present. 
Articles dating before 1982 were accessed from 
cross-reference of the more recent articles. 

Pathogenesis of Nocturaal Asduaa 
As many as 85 percent of patients with asthma 
who are seen in general practice admit to waking 
up at night with wheezing or other symptoms.13 

Fifty percent of these patients will wake up at least 
once during a week's time, in spite of their symp
toms being well-controlled during the day. Other 
patients may not awaken at night but may have 
some chest tightness or wheezing when theywa.ke 
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up in the morning. Those with asthma experience 
this increase in symptoms independent of the 
time they go to sleep. Objective measurements, 
such as the peak expiratory flow rate (pEFR), may 
reflect this "early morning dip," and this morning 
dip also correlates with asthmatic deaths, most of 
which tend to occur in the early morning. 14 

The theories accounting for nocturnal asthma 
are many, including recumbent posture, impaired 
mucoci1iary clearance, airway cooling, allergens 
in the bedroom, gastroesophageal reflux, and the 
time when bronchodilator therapy has been 
taken. These factors, however, are probably only 
contributory and do not explain why asthmatic 
patients deteriorate at night. This disease is diffi
cult to study, as there is no easy way to monitor 
pulmonary function at night without disturbing 
sleep. Rapid eye movement might be important.15 

Circadian rhythms are generally regulated in 
the hypothalamus and in humans exhibit a 24-
hour schedule.16 Even persons without asthma 
will have a diurnal variation in lung function, with 
the widest airway caliber at 4 PM and the narrow
est at 4 AM (Figure 1 ).17 The normal change is 
only about 10 percent and therefore is generally 
not noticed by the healthy person. In asthmatic 
patients there appears to be a greater increase in 
the diurnal variation of airway width. This change 
in airway caliber is directly related to the degree 
of bronchial hyperresponsiveness. Generally, by 

10AM 4 ... 10 ... 4AM 

Time 

-No<maJ 
-AlilhmatlC 

10AM 4 ... 

Pipre 1. DiUl'll81 wrladon in peak expiratory fiow is 
exagerated in paden1B wi1b asthma. The cWferenc:e 
between maximal airftow at 4 PM and minimal airtlowat 
4 AM DOI'III8Ilyavet'llF' 8.3 percent; in paden1B wi1b 
u1bma, however, the avet'IIIe variation can be as high as 
SO.9 percent 
Reprinted wi1b permission from Zoratti E, Busse WW. 
NipUime asthma symptoms: no We 1breat.J Respir Dis 
1990; 11:137-54. 
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4 AM asthmatic patients are in the late phase of an 
acute asthmatic attack, and their airways will re
spond to nonspecific stimuli, for example, hista
mine or cigarette smoke.19 

Possible abnormalities in nocturnal asthma in
clude the following: 

1. The parasympathetic nervous system is the 
major control of airway caliber, and increased 
cholinergic activity at night results from an 
increase in vagal tone.15.18.19 At night, acetyl
choline release from the nerve endings, facil
itated by the increased cholinergic activity, in 
both healthy and asthmatic persons15 corre
sponds to the increase in airway narrowing.20 

Asthmatic patients have an abnormal inhibi
tory mechanism in the cholinergic nerves (the 
M2 muscarinic receptor), and acetylcholine 
release may be enhanced by inflammatory 
mediators.18.2o Asthmatic airways are more 
responsive to acetylcholine release from cho
linergic nerves, which causes the airways to be 
hyperresponsive to any type of stimulus, re
sulting in bronchospasm. Intravenous atro
pine is very effective in reversing nocturnal 
bronchoconstriction. Cholinergic mecha
nisms, therefore, are extremely important in 
nocturnal asthma.21 

2. There is a paucity of adrenergic nerves in the 
lung.18 To bronchodilate, the airways must 
rely on circulating serum epinephrine to 
stimulate the ~radrenergic receptors.21 At 
night, especially in those with asthma, the 
level of epinephrine circulating in the blood 
is extremely low. In addition, a significant 
change in ~-adrenergic receptor density and 
function occurs in patients with nocturnal 
asthma.22 Consequently, persons with asthma 
have a tendency to experience broncho
constriction. Release of inflammatory media
tors at night may result from a low level of 
endogenous circulating serum epinephrine. 
Epinephrine levels may be even lower during 
an acute attack. This low level of epineph
rine reduces the time of stimulation of the 
~-adrenergic receptors in the mast cells and 
smooth muscle of the airways. An increase in 
the plasma histamine is found at night. Simi
larly, at 4 AM mierovascular leakage and 
plasma exudation occur. Epinephrine is very 
effective in counteracting microvascular leak-
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age through stimulation of the a-adrenergic 
'receptors in the bronchial arterioles.21 

3. During normal circadian rhythm, serum cor
tisol reaches its lowest concentration around 
midnight, about 4 hours before the maximum 
fall in the PEFR. Cortisol levels fall even 
lower in asthmatic patients. A lack of cortisol 
will allow release of mediators from the 
steroid-sensitive cells, such as eosinophils and 
macrophages. Correspondingly, broncho
alveolar lavage shows a marked increase in the 
amount of inflammatory cells at 4 AM com
pared with the amount found at 4 PM, espe
cially in asthmatic patients who have acute 
nocturnal exacerbations. Low endogenous 
cortisol levels are also important in regulating 
microvascular leakage.23 Circadian changes in 
both epinephrine and cortisol have little ef
fect on normal airways, but because of this 
inflammatory response in asthmatic patients, 
even small changes are exaggerated.23 

4. The role of the products of the non
cholinergic nonadrenergic system, such as 
substance P, could be important in the inflam
matory response; however, the lack of sub
stances, such as epinephrine, which counter
acts the inflammatory response in asthmatic 
patients, is more important than the media
tors of the response itself.19 

5. The greatest increase in release of mediators 
of the inflammatory response occurs at 4 AM. 

The major mediators are platelet-activating 
factor and leukotrienes. Inflammation is aug
mented by the drop in plasma cortisol and 
epinephrine levels and helps in the produc
tion of submucosal edema of the airways. Mu
cosal edema is worsened by the supine posi
tion because of the associated increase in 
bronchial venous pressure. Similarly, the in
creased mucosal thickness will exaggerate any 
constrictor influences in the airways,23 Recent 
research has defined further the role of in
flammation in nocturnal asthma.24 

6. Gastroesophageal reflux is worse at night and 
has been shown to stimulate vagal responses. 
In most cases, reflux is not a factor, but in 
some asthmatic patients who are deteriorat
ing and in whom there is an already marked 
increase in cholinergic tone, inflammation, 
and edema, any additional insult can be of 
consequence.15-21.23 

Efficacy of Theophylline in Nocturnal Asduna 
Several studies in the past decade clearly have 
shown the efficacy of theophylline both in re
ducing nighttime and morning symptoms and 
in improving pulmonary function tests. I-7,2S 
Symposia on the specific subject of nocturnal 
asthma and theophylline have been published 
recently.26.27 Different sustained-release dosage 
formulations with varying serum concentration
time profiles have shown efficacy.I-3 Both single 
daily dose preparations given in the evening and 
products given every 12 hours have proved 
effective. 1-3 

When choosing a theophylline product, clini
cians should be aware not only of its absorption 
characteristics, including any effect of food on 
absorption, but also of when to expect peak serum 
theophylline concentrations, so they can know 
the appropriate time in the evening to prescribe 
the medication. Products designed to have peak 
serum concentrations from midnight to 6 AM 

(after a dose between 5 and 8 PM) have been quite 
effective.1,2 Once a product is chosen, switching 
to another product is not recommended without 
again establishing serum concentrations and pa
tient response. All sustained-release theophylline 
products are definitely not the same. Detailed 
analyses of various products are available in the 
literature26-28 and are beyond the scope of this 
article. Although theophylline is helpful for noc
turnal asthma, it is not an anti-inflammatory 
agent, and concomitant therapy that reduces in
flammation is also needed. 

Efficacy of Inhaled Corticosteroids 
Because asthma is primarily an inflammatory dis
ease, steroids inhaled with a spacer device are now 
recommended as routine maintenance therapy 
for all but those with the mildest of adult 
asthma.8,29 Because of the high efficacy of inhaled 
steroids that are properly delivered and have op
timal dosages and because of the long duration of 
action of these agents, many patients will experi
ence the elimination of nocturnal asthma with 
their use. Inhaled steroids available in the United 
States, including beclomethasone, triamcinolone, 
and flunisolide, are indicated for use every 12 
hours. If a patient's asthma is not well controlled, 
an inhaled steroid schedule of every 6 to 8 hours 
will likely be needed, but most patients do well on 
a 12-hour schedule. 
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Horn, et al.30 studied 14 patients with asthma 
who had nocturnal symptoms and morning dips 
in PEFR. Morning dips in PEFR were substan
tially reduced in 8 of 14 patients who were treated 
with beclomethasone plus inhaled albuterol 
therapy. J oad, et al. 3 reported a very low rate 
(9 percent) of "bothersome" asthma between 
4 AM and 8 AM in 8 patients who were receiv
ing maintenance-inhaled beclomethasone therapy 
and inhaled albuterol (every 6 hours) and in 1 pa
tient receiving alternate-day prednisone plus al
buterol. Harper, et al.31 found that patients with 
asthma who were not fully controlled with theo
phylline therapy or inhaled f3ragonists had their 
symptoms and morning PEFR improved with the 
addition of inhaled beclomethasone. Tan, et al.32 

reported that even in asthmatic patients who were 
dependent on oral steroids, the addition of the 
inhaled steroid budesonide resulted in a reduction 
in nocturnal symptoms and a smaller drop in 
morning PEFR. Tan, et al. also found that oral 
prednisone dosage could be reduced. Other in
vestigators have found budesonide to be effective 
in nocturnal asthma. 33,34 

When prescribing inhaled steroids, it is im
portant to include a spacer device (a holding 
chamber such as Aerochamber TIl or InspirEase TIl) 
for three reasons. First, oropharyngeal candidia
sis will be virtually eliminated,35 and second, effi
cacy will be increased.35,36 Finally, most patients 
do not use plain metered-dose inhalers opti
mally. Even when they demonstrate use correctly 
to a health professional, proper technique will 
not be routinely used at home. Spacer devices 
enhance aerosol deposition, especially in pa
tients who have poor inhaler technique. Use of 
a spacer is certainly not always correct either, 
and the patient's technique should be checked 
frequently. 

EfBcaqr of Controlled-Release Albuterol 
Although inhaled f32-adrenergic agonists are pre
ferred to oral products during the day for "rescue" 
therapy and for prevention of exercise-induced 
asthma, inhaled agents currently available in the 
United States are relatively short acting. As a 
result, the efficacy of agents, such as albuterol 
aerosol, is not of sufficient duration to cover the 
typical 8 hours of sleep required by many individ
uals. Controlled-release albuterol tablets have 
been shown by at least four groups of investiga-
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tors to have an efficacy similar to that of sus
tained-release theophylline.37-40 

Pierson, et al.37 conducted a double-blind pla
cebo-controlled study in adolescents and adults 
comparing sustained-release theophylline with 
controlled-release albuterol (Volmax TII

) for 12 
weeks, with both drugs being given every 12 
hours. No differences in efficacy between the two 
treatments were found including increase in 
I-second forced expiratory volume (FEVl ) and 
symptoms .. 

Higenbottam, et aI.38 also compared sustained
release theophylline with controlled-release al
buterol in adults with asthma in a randomized 
crossover trial and found no difference in efficacy 
between the two treatments, including sleep in
terference. More side effects were observed in the 
theophylline group, and patients and physicians 
favored controlled-release albuterol. To our 
knowledge, there are no reports comparing a dose 
used every 12 hours with use of controlled-release 
albuterol at bedtime only. A regimen of daily use 
of aerosol albuterol and controlled-release al
buterol given at bedtime would be appealing, be
cause there is higher efficacy and fewer side ef
fects with the inhaled drug. While study is needed 
on this question, a therapeutic trial in an individ
ual patient is reasonable. In the United States 
currently a twice-daily form of albuterol tablets is 
available (proventil Repetabs TIl), which is formu
lated to provide two stages of drug release. Con
trolled-release albuterol (Volmax TIl) is not cur
rently available in the United States. It has less 
serum-concentration fluctuation because of its 
osmotic pump delivery, but the clinical signifi
cance of this design has not been reported. As 
with theophylline, these products do not address 
inflammation and thus are adjunctive to anti
inflammatory agents. 

EfBcaqr of Salmeterol and Formoterol 
Long-acting inhaled f32-agonists have been re
leased outside the United States and provide an 
effective means of managing nocturnal asthma. 
The duration of action for salmeterol and 
formoterol extends for 12 hours. Fitzpatrick, 
et_al.4l conducted a double-blind, randomized, 
placebo-controlled, crossover study in adults with 
asthma and found that salmeterol inhaled twice 
daily was effective in improving nocturnal peak 
expiratory flow rates and the quality of sleep. 
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F ormoterol has been shown to be superior to 
albuterol aerosol in the treatment of nocturnal 
asthma, including improvement in FEV1 and a 
diminished need for "rescue" medication. 42 

Further studies are needed regarding regular 
use of 12-hour inhaled ~2-agonists because of a 
recent study by Sears, et al.,43 which has raised 
concerns over the scheduled use of fenoterol. Al
though worsening asthma in some patients with 
regular use of fenoterol does not necessarily im
plicate other ~2-agonists, this area is controver
sial.44 In our opinion, studies ofbedtime-only use of 
salmeterol or formoterol are definitely warranted. 
Bedtime-only use would remove some of the con
cerns raised when full doses of inhaled ~2-agonists 
are taken around the clock. As with other 
bronchodilators, these agents are adjunctive to anti
inflammatory therapy. While one report suggests 
an anti-inflammatory component to the action of 
salmeterol, much more research is needed.45 

Efficacy of AntichoJinergics 
As discussed earlier, vagal mechanisms are im
portant in nocturnal asthma, and this point has 
been recently emphasized by Morrison, et a1.,46 
who almost totally reversed bronchoconstriction 
at 4 AM by giving intravenous atropine. Cox, et 
al.47 found that a large dose (160 j.Lg) of inhaled 
ipratropium given in the evening was effective in 
reducing the dip in PEFR in the early morning. 
Coe and Bames48 reported that 9 of 18 patients 
responded to oxitropium in a double-blind, pla
cebo-controlled study. The mean dip in PEFR 
with 400 j.Lg of oxitropium was 5 percent versus a 
19 percent drop in PEFR with a placebo. Further 
study is needed to define the role of anticholiner
gic bronchodilators in nocturnal asthma. 

Concerns about Theophylline Toxicity 
Despite hundreds of articles in the last 20 years 
regarding theophylline pharmacokinetics and fac
tors that alter theophylline clearance, adverse ef
fects, including serious toxicity, continue.9-12 

Considering the incentive most clinicians have 
not to report toxicity, the true rate could be much 
higher than realized. In addition, although the 
rate of toxicity in carefully controlled studies is 
often low, this rate does not reflect the reality of 
routine practice. Relatively common adverse ef
fects include anorexia, nausea, and vomiting, as 
well as nervousness and insomnia. Life-threaten-

ing toxicity, which may occur without the warning 
of "minor" side effects, includes seizures and car
diac arrhythmias. 

If theophylline is to be prescribed for nocturnal 
asthma, a thorough knowledge of the numerous 
factors that modify dosage requirements is as es
sential as is appropriate monitoring of serum 
concentrations. 9-12 

When using theophylline, such factors as concur
rent diseases and drugs, as well as the patien~ age, 
diet, and smoking history, must be evaluated. Al
though a discussion of these factors is beyond the 
scope of this article, several reviews are available. 49-51 

A RatIonal Approach to Managing 
Nocturnal Asduna 
Because of the concern over theophylline toxicity 
and because of the efficacy of inhaled steroids 
and other therapies, we believe that other 
therapies should be tried before theophylline. 
If theophylline is then indicated to control noc
turnal asthma, it is a useful agent. A trial of rela-

1. Initiate inhaled corticosteroid therapy delivered with a 
spacer device. Start with a low dose, e.g., becIomethasone 
4 puffs every 12 hours with spacer; if the patient is poorly 
controlled during the day as well, use every 6 hours until the 
patient is well controlled.s4,ss Carefully observe inha1ation 
technique in both children and adults. Routine asthma 
therapy in children should include cromolyn for all but the 
mildest cases. If beginning inhaled steroids, coosider 
dropping cromolyn. 

2. If inhaled corticosteroid therapy is insufficient at current 
dose, gradually increase the dose up to the maximum 
recommended daily doses for adults and children. 
Periodically recheck inha1ation technique. 

3. If morning dip persists after optimizing doses of inhaled 
steroids, tty adding 2 puffs of inhaled albutero1 at bedtime; 
if response is inadequate, drop inhaled a1butero1 at bedtime 
and begin a trial of sustained-release a1buterol at bedtime.* 

4. If respoose is still insufficient, begin a trial of ipratropium 
using a spacer, e.g., at least 4 puffs (80 p.g) at bedtime. 

s. If all above measures are inadequate, maintain the anti
inflammatory therapy, drop sustained-released a1buterol 
and ipratropium and add a low dose of sustained-release 
theophylline (e.g., target serum concentrations colO ILW'mL 
using a single daiIy-dose product that when taken at 5 to 
8 PM is designed to achieve peak serum concentrations 
between 12 midnight and 8 AM). Slightly increase dose if 
response is inadequate. 

6. If all above measures are insufficient, reassess environmental 
controls and consider other options as appropriate, such as 
specific immunotherapy and oral steroids. 

Note: Establish presence of nocturnal asthma through symptoms 
and peak expiratory flow rate upon awakening. 

*When approved, saImeteroi or formoterol will be the agent! of 
choice to add to inhaled steroids. 
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tively low-dose theophylline (target serum con
centration 5 to 10 .... g/mL) is appropriate when 
accompanied by careful monitoring of serum con
centrations and watching for factors that modify 
theophylline clearance. Serum concentrations of 
5 to 10 .... glmL are adequate for many patients. 53 

H the initial low dose of theophylline is not suffi
cient, a small increase in dosage can be tried, 
while keeping the serum concentrations less than 
15 .... glmL in most patients. Very few patients 
need a steady state serum theophylline concentra
tion of 15 to 20 .... glmL at home. 

Table 1 summarizes a rational approach to 
managing nocturnal asthma. This sununary is 
consistent with the Nlli National Asthma 
Education Program and other current literature 
on the management of asthma.8,29 Most patients 
with asthma can be controlled very well on long
term aerosol-only therapy, including inhaled ster
oids and inhaled ~2-agonists for "rescue" treat
ment and prevention of exercise-induced 
asthma.29,52 Children should receive cromolyn as 
their basic therapy; if control on cromolyn is not 
adequate, then a regimen using inhaled steroids 
with a spacer device should be initiated.8,29 

Conclusion 
Because of the efficacy of the basic and safer 
therapy of inhaled steroids (or cromolyn initially 
in children) and inhaled ~2-agonists, theophylline 
should not be used initially for nocturnal asthma. 
We agree with other authors29,52 that most pa
tients who have asthma can be managed ex
tremely well with aerosol-only therapy. For pa
tients who still have nocturnal asthma after 
optimizing inhaled steroid therapy, a trial of sus
tained-release albuterol tablets or ipratropium or 
both is warranted. H that therapy is insufficient, a 
careful trial of relatively low-dose theophylline is 
warranted. When the inhaled ~ragonists, such as 
salmeterol, which have greater than 12-hour du
rations of action, are released in the United 
States, they should become the agents of choice to 
supplement inhaled steroid therapy for patients 
with nocturnal asthma. 
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Editor's Commeat 
The use of ~-agonists in the treatment of asthma 
continues to be controversial, and their therapeu
tic role continues to receive close scrutiny. As the 
above paper goes to press, the reader is referred to 
two additional references recendy published on 
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the subject, which were not available to the au
thors of the preceding paper: 

1. Spitzer WO, Suissa S, Ernst P, Horwitz RI, Habrick 
B, Cockcroft D, et aI. The use of ~-agonists and the 
risk of death and near death from asthma. N Engl J 
Med 1992; 326:501-6. 

2. Burrows B, Lebowitz MD. The ~-agonist dilemma. 
NEnglJ Med 1992; 326:560-1. 

The "Guidelines for the Diagnosis and Manage
ment of Asthma," released last year as an Expert 
Panel Report by the National Heart, Lung, and 
Blood Institute (reference 8 in the above paper), 
will be further discussed in a forthcoming issue 
ofJABFP. 
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