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THEOPHYLLINE IN
CHILDHOOD ASTHMA

Niranjan Shendurnikar

The advent of highly effective drug
therapy for childhood asthma and the avail-
ability of appropriate delivery systems has
improved the management of this dis-
eased). Theophylline, a naturally occurring
methyl xanthine has been used to treat
childhood asthma for more than three de-
cades(2,3). The drug is an important adjunct
in the management of chronic asthma along
with the inhaled beta agonists and cortico-
steroids(4). The drug's narrow therapeutic
window and the potential for serious toxic-
ity have led to concern regarding its safety
and usage in childhood asthma(2,5).

The mechanism of action of theophyl-
line is not due to a single effect but rather
multiple pathways(6,7). The drug serves as
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a mild to moderate bronchodilator depending
upon the serum concentrations, blocks the
immediate and late pulmonary response to
allergens and exercise and the consequent
airway hyper-reactivity. This may be due to its
mild anti-inflammatory properties, as it
reduces microvascular leakage(6).

Therapeutic Benefits

Recent reports in hospitalized patients
with acute severe asthma have shown that
theophylline does not provide additional
benefit over the use of beta-agonists and
systemic steroids(8-10). A meta-analysis of
thirteen controlled trials in acutely ill
asthmatics failed to demonstrate that the
theophylline therapy was better than various
non-xanthine regimens(10). Despite these
limitations, intravenous theophylline
(aminophylline) can be used in the treat-
ment,i)f acute attack of asthma in those chil-
dren who do not respond to combined beta
agonists and corticosteroids(ll-13). In addi-
tion, theophylline reduces respiratory
muscle fatigue, increases mucociliary clear-
ance and possesses some degree of
antinflammatory activity(14).

The place of theophylline in the man-
agement of chronic asthma is better defined.
Continuous use of theophylline in children
with chronic asthma increases their symptom
free interval, decreases the use of inhaled
bronchodilators and provides an important
steroid sparing effect(15,16). In addition to
bronchodilator effect, theophylline has a very
mild antinflammatory action(5). Sustained
release oral preparations of theophylline
ensure its long duration of action and are thus
particularly useful in the control of nocturnal
asthma(17).

Theophylline remains a useful adjunct



in, the long term prophylaxis of the asthma
in children and is particularly useful when
more than one drug is required for pro-
longed maintenance therapy(2,5,6,17).
Theophylline is not recommended for the
use in chronic mild asthma. In chronic
moderate asthma, a good anti-inflammatory
agent like cromolyn sodium is recom-
mended for use. However, if the cost is a
limiting factor, theophylline remains a use-
ful alternative drug in these cases.

Risks of Toxicity

Theophylline has the potential for sig-
nificant toxic effects but these can be fre-
quently avoided by appropriate dosage and
monitoring. The serum concentration of
theophylline must be maintained within a
relatively narrow range to obtain an optimal
therapeutic response while avoiding toxic
side effects(18). Minor caffeine like side ef-
fects are well tolerated if the serum levels
remain in the therapeutic range(5,6).

Transient caffeine like side effects can
be avoided mostly by starting with a suffi-
ciently low dose and slowly increasing the
dose if required at the interval of 3 days or
longer(5). Undesirable side effects like
headache, loss of appetite, nausea, vomit-
ing, dizziness and epigastric pain have been
associated with theophylline levels beyond
recommended therapeutic range. However,
lack of availability of monitoring of theo-
phylline levels stresses the need for optimal
dosing, patient and parent education, early
recognition of these side effects and
withdrawal of theophylline and substitution
with another drug.

Peak serum concentrations between 10
to 20 mg/L usually provide an optimal
balanace between the bronchodilatation and
safety(18). However, dosage required to
maintain these levels vary substantially due
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to individual differences in theophylline
metabolism(19). Monitoring of serum levels
is recommended at the beginning of theo-
phylline therapy, when the child does not
show expected effect on appropriate dose
and/or develops an adverse effect on the
usual dose(17).

Serious adverse effects like cardiac
arrhythmias, hypokalemia and convulsions
occur more frequently at theophylline levels
above 30 mg/L. Seizures may be refractory
to anticonvulsants with a high incidence of
neurologic sequelae and even death(18).
The effect of theophylline on learning and
behavior problems is controversial and has
led to the reassessment of its role in asthma
therapy(3,5).

Theophylline clearance is reduced by
several factors such as febrile illness, liver
disease, heart failure and certain
drugs(17,18). The dosage of theophylline
should be reduced by one half for the dura-
tion of illness in the children on chronic
theophylline therapy, who have sustained
febrile illness beyond 24 hours. The com-
mon drugs that inhibit theophylline metabo-
lism include erythromycin, cimetidine,
propanalol, frusemide and thiabende-
zole(18). The concurrent use of these drugs
should be avoided or the dosage of the theo-
phylline be decreased by one half(18).

In view of the above information and
absence of drug monitoring facilities, it is
recommended that either the theophylline
dose should be reduced or the drug totally
removed and other therapeutic agents
should be substituted.

Dosage(5)

The optimal dosage of theophylline in
children is 12-16 mg/kg/day, upto a maxi-
mum of 400 mg/day. In infants below one
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year, who have a slower rate of metabolism,
the dosage can be calculated as:

Dose (mg/kg/day) = (0.2) Age in weeks

+5.0

Careful selection of patients for theo-

phylline therapy provides the benefit of
good compliance, convenient twice daily
dosage, and low cost. It is essential to super-
vise the therapy and educate the parents and
the patient to minimize the adverse effects
of theophylline therapy.

REFERENCES

1.

Dinwiddie R. The Diagnosis and Manage-
ment of Pediatric Respiratory Disease, 1st
edn. London, Churchill Livingstone,
1990, pp 147-175.

Weinberger M. Theophylline, When
should it be used? J Pediatr 1993, 122:
403-405.

Larsen GL. Asthma in Children. N Eng J
Med 1992, 326: 1540-1545.

Brenner AM, Berkowitz R, Marshall N,
et al. Need for theophylline in steroid re-
quiring asthmatics. Clin Allergy 1988, 18:
143-150.

Hendeles L, Weinberger M, Szefler S.
Safety and efficacy of theophylline in
children with asthma. J Pediatr 1992,120:
177-183.

Stampell DA, Szelfer S. Management of
chronic asthma. Ped Clin North Am 1992,
30: 1293-1310.

Howell RE. Multiple mechanisms of xan-
thine actions on airway reactivity. J
Pharmacol Exp Ther 1990, 225: 1008-
1014.

Carter E, Maurice C, Chesrown S, et al.
Efficacy of intravenously administered
theophylline in children hospitalized with

VOLUME 31—SEPTEMBER 19%4

severe asthma. J Pediatr 1993, 122: 470-
476.

9. McFadden ER. Methyl xanthines in the

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

treatment of asthma; the rise, fall and the
possible rise again. Arm Intern Med 1991,
115: 323-324.

Littenberg B. Aminophylline treatment in
severe acute asthma: A meta analysis.
JAMA 1988, 259: 1678-1684.

Canny GJ.Bohn DJ, Levison H. Severe
asthma. /n: Recent Advances in Pediat-
rics. Ed David TJ. London, Churchill
Livingstone, 1992, pp 161-171.

Stampel DA, Redding GJ. Management of
acute asthma. Ped Clin North Am 1992,
39: 1311-1325.

Kabra SK, Madhulika, Seth V. Manage-
ment of childhood asthma. Indian J
Pediatr 1993, 60: 703-707.

Jenne JW. Theophylline use in asthma.
Clin Chest Med 1984, 5: 645-658.

Weinberger M. The value of theophylline
for asthma. Ann Allergy 1989, 63: 1-3.

Nassif EG, Weinberger M, Thomson R,
Huntley W. The value of maintenance
theophylline in steroid dependent asthma.
N Eng J Med 1981, 304: 71-75.

Guidelines for the diagnosis and manage-
ment of asthma. National, Heart, Lung
and Blood Institute, National Asthma
Education Program, Expert Panel Report,
J Allergy Clin Immunol 1991, 88: 425-
534.

Committee on Drugs. American Academy
of Pediatrics. Precautions concerning the
use of theophylline. Pediatrics 1992, 89:
781-782.

Halston JR, Szefler SJ. Theophylline
absorption in young asthmatic children
receiving sustained release formulations.
J Pediatr 1985,107: 805-810.

1159



