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Drug-drug interactions and drug-disease interac-
tions can substantially affect the elimination/metabo-
lism of theophylline resulting in the potential for un-
dertreatment or serious theophylline toxicity. Macro-
lide antibiotics, including troleandomycin and eryth-
romycin, cimetidine, and allopurinol, have the capabil-
ity of decreasing theophylline clearance with resulting
increased serum levels, while phenytoin increases theo-
phylline clearance. Drug-disease interactions of theo-
phylline with cirrhosis, congestive heart failure,
chronic obstructive pulmonary disease, and acute in-
fections result in impaired clearance with increased
serum levels and the potential for serious theophylline
toxicity. Other factors, including smoking, which cause
a marked increase in clearance, and diet, also play a
role. In these situations, serum theophylline monitor-
ing is advised.

Index terms: Clinical pharmacology updates

Theophylline
Cleve Clin Q 52:417-424, Fall 1985

Theophylline (and its ethylenediamine salt,
aminophylline) is an important and fundamental
treatment for acute and chronic bronchospasm
associated with a variety of illnesses, although its

! Section on Clinical Pharmacology, Department of Internal
Medicine (P.H.S.) and the Section on Applied Clinical Pharmacol-
ogy, Division of Laboratory Medicine (C.E.P.), The Cleveland
Clinic Foundation. Submitted for publication Dec 1984; accepted
Feb 1985. Ip

0009-8787/85/03/0417/08/$3.00/0
Copyright © 1985, The Cleveland Clinic Foundation

417

mechanism of action is still poorly understood.
Its usefulness was demonstrated more than 60
years ago,' and guidelines for its administration,
including a description of several now well-rec-
ognized adverse effects, were subsequently re-
ported in 1937.2 It has a low therapeutic index,
a poor correlation between dose and effects, and
a potential for serious toxicity. Its administration
frequently has resulted in adverse effects. Theo-
phylline-induced seizures, for example, are resis-
tant to usual forms of treatment and can be
associated with a 50% mortality.> With improved
understanding of the factors important in opti-
mal dosing, including therapeutic drug monitor-
ing, the frequency of adverse effects can be min-
imized while achieving optimal bronchodilata-
tion.* , ‘

Evaluation of adverse drug reactions (and
drug-disease interactions) is difficult®; this is also
true in the case of theophylline. Associated dis-
eases and concomitant drug therapy can affect
the disposition of theophylline resulting in the
potential for overdosing and, less frequently, un-
derdosing. Some reviews have included sugges-
tions for alterations in theophylline dosing based,
in some instances, on sparse information, extrap-
olation of data from children to adults (which
may or may not be appropriate because of age-
related differences in pharmacokinetics), studies
of short-term drug administration, or drug doses
infrequently used in clinical practice. This article
will review some of the interactions believed to

Downloaded from www.ccjm.org on July 19, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

418 Cleveland Clinic Quarterly

be of practical importance and clinical signifi-
cance in prescribing theophylline.

Theophylline disposition

Although many factors can affect the pharma-
cokinetics of theophylline resulting in many in-
terindividual variations,® its essential pharmaco-
kinetic features are outlined in Table 1; for con-
venience, the numbers are rounded off and av-
erages given.

The amount of theophylline per tablet and
extent of absorption varies with the preparation,
although sustained-release anhydrous theo-
phylline preparations are essentially completely
absorbed.” Aminophylline is the ethylenediamine
salt of theophylline and contains 80% theo-
phylline. Protein binding ranges from 53% to
65% and may vary with age and underlying dis-
ease.® Theophylline is eliminated primarily by
liver metabolism via parallel zero-order and first-
order pathways to several well-recognized
metabolites® using the mixed-function oxidase
system; the activity of this system is inducible by
administration of certain drugs® and environ-
mental chemicals.’® There is evidence that the
elimination of theophylline follows, at least in
part, nonlinear zero-order elimination kinetics.''
The hepatic extraction ratio for theophylline is
low (about 0.1); therefore, its elimination is not
likely to be dependent on changes in hepatic
blood flow.

Drug-drug interactions

Several medications can substantially alter the
disposition of theophylline and serve as a poten-
tial source of variation in theophylline disposition
(Table 2). Concomitant drug therapy, therefore,
has the potential for causing significant increase
or decrease in theophylline blood levels and clin-
ical response.

Antibiotics

Antibiotics may be prescribed for treatment of
acute respiratory infections in asthmatic patients
who are taking theophylline to control chronic
bronchospasm. The macrolide antibiotics tro-
leandomycin and erythromycin can alter theo-
phylline elimination, although the mechanisms
are as yet unclear. The clearance of theophylline
decreased by 50% when troleandomycin was con-
comitantly administered in a series of patients
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including 1 in whom theophylline-associated sei-
zures developed.'? Based on these findings, it has
been recommended that in this situation the dose
of theophylline be reduced by 50%. This im-
paired clearance explains, at least in part, the
previously reported benefit of this infrequently
prescribed antibiotic in controlling symptoms of
asthma.'® Erythromycin is one of the more com-
monlz prescribed antibiotics for outpatient ther-
apy.'* Although initially controversial, it now ap-
pears that giving enough erythromycin (1 g daily)
long enough (a week or more) reduces the clear-
ance of theophylline by about 25%.'® This effect
is less than that of troleandomycin, but is large
enough to be clinically significant. How long this
altered clearance continues after discontinuing
erythromycin is unknown. The effect of co-ad-
ministration of other antibiotics with theo-
phylline is less clear. In one study in which short-
term administration of erythromycin showed no
significant change in theophylline disposition, a
similar lack of change was noted for tetracycline
and cephalexin'S; it is not clear what effects long-
term dosing may have had. Although ampicillin
has been reported to have no effect on the half-
life of theophylline in infants and young chil-
dren,!” (a group that characteristically eliminates
theophylline rapidly), extrapolation of these re-
sults to adults must be viewed with caution. Little
or no data are otherwise available concerning
these interactions in adults. In summary, macro-
lide antibiotics have been shown to alter the
elimination of theophylline in adults, but data
regarding interactions with other antibiotics is
sparse and inconclusive. The dose of theophylline
may need to be reduced by 50% in the case of
concomitant administration of troleandomycin
and 25% in the case of erythromycin. Serum
theophylline levels may be a helpful guide, par-
ticularly when co-administering less well-studied
antibiotics.

Ho-receptor antagonists

As theophylline can cause several gastrointes-
tinal symptoms, cimetidine may be prescribed for
treatment. Cimetidine has been found to impair
elimination of a wide variety of drugs.'® In clini-
cally useful dosages, the impairment of elimina-
tion occurs independently of its Ho-receptor an-
tagonism properties, probably acting as an inhib-
itor of the mixed-function oxidase system.'® A
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study of healthy, normal volunteers revealed that
cimetidine in usual doses for eight days pro-
longed the elimination half-life of theophylline
by 64%, and clearance diminished by 30%, al—
though there was wide interpatient variation.”

The effects of cimetidine versus ranitidine on
theophylline disposition have also been studied.?'
Cimetidine in a dose of 1,200 mg daily, again,
had profound effects, increasing the half-life of
theophylline from 5.7 to 9.2 hours with a 36%
decrease in theophylline clearance. Ranitidine
(300 mg daily), however, did not alter theo-
phylline disposition. Although further study may
be required, based on current information, if an
Ho-receptor antagonist is indicated for a patient
on chronic theophylline therapy, ranitidine
should be prescribed.

Phenytoin

Phenytoin is a well-known inducer of hepatic
mixed-function oxidases and could, therefore,
affect the clearance of theophylline. In an elegant
study, it was found that phenytoin (300 mg daily)
increased the clearance of theophylline by about
60% with a 50% decrease in elimination half-
life.?* Similar results were obtained in a follow-
up study, which also exammed urmary excretion
of theophylline metabolites.”® Based on these
findings, it is apparent that adding phenytoin to
a patient’s regimen of theophylline may cause
theophylline levels to fall below optimal concen-
trations. If co-administration of phenytoin is nec-
essary, the dose of theophylline should be in-
creased by 50% or more with careful monitoring
of theophylline levels.

The above drug-drug interactions are gener-
ally accepted as causing clinically significant
changes in theophylline disposition. Many other
interactions have been described, although their
clinical significance has not been substantiated or
is of uncertain importance.

Allopurinol

As the elimination of theophylline may pro-
ceed in part via xanthine oxidase, allopurinol
could conceivably affect theophylline elimina-
tion. Short-term administration of allopurinol
(300 mg daily) was found to have no effect on
theophylline clearance.”* Doses twice that com-

Table 1.
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Pharmacokinetic profile of theophylline

Bioavailability
Urinary excretion

96% (some 100%)
10%

% Protein bound 50%
Clearance 0.70 mL/min/kg
Hepatic extraction ratio 0.1
Volume of distribution 0.50 L/kg
Elimination half-life 3-9 hr (6)
Effective concentration 10-20 pg/mL
Potentially toxic concentration >20 pg/mL
Routes of elimination

‘Renal : 10%

‘Metabolic 90%

Active metabolite 3-Methylxanthine

Table 2. Drugs affecting theophylline disposition

Potential effect on

Drug theophylline level

Macrolide antibiotics 1
Erythromycin
Troleandomycin

Cimetidine*

Phenytoin

Allopurinol

Phenobarbital

Propranolol

Influenza vaccine

? Significance

—_— Ve e——>

* But not ranitidine.

monly used (600 mg daily for 14 days) decreased
theophylline clearance by 21%.?

Barbiturates

Phenobarbital is also a potent microsomal
mixed-function oxidase inducer and has been
combined with theophylline in combination tab-
lets. The use of such combination tablets has been
correctly criticized for several reasons, including
lack of flexibility in dosing regimens, and of equal
importance, ineffectiveness of such added ingre-
dients. The use of such combination tablets for
chronic asthma treatment should be abandoned.’

Whether or not phenobarbital can affect theo-
phylline disposition has been a matter of contro-
versy. It appears, however, that phenobarbital in
doses of 90 mg daily (as might be used to treat
seizure disorders) can increase theophylline clear-
ance and, as a result, lower theophylline levels.?
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Beta blockers

It is most unlikely that beta blockers would be
used in a patient with asthma because of their
ability to precipitate bronchospasm in susceptible
patients. Propranolol, however, has been shown

to reduce theophylline clearance, especially in
patients whose clearance has been previously en-
hanced by cigarette smoking.?’

Halothane

When surgery is required for a patient on
maintenance theophylline, special precautions
may be necessary. The arrhythmogenic effect of
theophylline may be potentiated when halothane
anesthesia is used, resultmg in potentially serious
ventricular arrhythmias.?®

Drug-disease interactions

Associated diseases can also, in certain in-
stances, profoundly affect the elimination of
theophylllne (Table 3). Generally, these drug-
disease interactions cause alterations in theo-
phylline elimination, presumably because of im-
pairment in the ability of the liver to metabolize
theophylline.

Cirrhosis

Marked alterations in theophylline disposition
have been shown to occur in patients with cirrho-
sis. For example, in a study of adult patients with
alcoholic cirrhosis, the mean half-life of theo-
phylline increased more than threefold (6.7
hours in controls versus 25.6 hours in cirrhot-
ics).?? In another study, which examined multiple
determinants in theophylline elimination, liver
disease was found to be the most important de-
terminant in altering theophylline clearance in
patients more than 40 years old.** A fourfold
increase in the elimination half-life (from a mean
of 6.0 hours in controls to 28.8 hours in cirrhot-
ics) and a corresponding decrease in clearance
(63.0 mL/kg/hr in normals and 18.8 mL/kg/hr
in cirrhotics) was found in another study, which
also pointed out that these changes were most
prominent in biopsy-proved cirrhosis as opposed
to cirrhosis suspected on clinical grounds.*!
Acute hepatitis can also cause similar changes but
to a lesser degree.?*

Heart failure

Bronchospasm may be a notable feature in
patients with congestive heart failure and, in
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particular, acute pulmonary edema; intravenous
aminophylline may afford some relief in conjunc-
tion with other conventional medications. How-
ever, in this setting also, theophylline elimination
may be unpredictable, resulting in potential tox-
icity. In a study reviewing theophylline disposi-
tion in acutely ill patients, theophylline clearance
was reduced by 43% in patients with congestive
heart failure®; usual maintenance doses of ami-
nophylline would, therefore, cause potentially
toxic levels. Just as important, as the signs of
congestive heart failure cleared, theophylline
clearance increased. The severity of congestive
heart failure may play an important role; those
with mild symptoms may show little or no change
in theophylline clearance, whereas those with
moderate or severe findings may have marked
changes The patient with acute pulmonary
edema is even more difficult to evaluate for theo-
phylline dosing. One study showed not only re-
duced elimination of theophylline by a factor of
three, but also a 20-fold variation in clearance
and half-life.>* Again, monitoring serum theo-
phylline levels is, therefore, mandatory if optimal
dosing in this common setting is to be achieved.
The implications of these studies are clear. Infu-
sion rates of maintenance theophylline and oral-
dosing regimens for patients with congestive
heart failure should be reduced by about 40%.%
In this situation, and in pulmonary edema in
particular, serum theophylline level monitoring
is essential not only because of marked alterations
in elimination, but also because of large interin-
dividual variations.

Age-

As a drug eliminated primarily by metabolism,
one might infer that as the ability of the liver to
metabolize drugs declines with age,* the elimi-
nation of theophylline would also decline; several
studies have shown this to be the case. In evalu-
ating several factors that may alter theophylline
disposition, advancing age correlated with de-
creasing theophylline clearance.?* When clear-
ance of unbound theophylline was measured in a
group of elderly patients, significant decreases
were found.?® However, not all studies have con-
firmed this variation.*”* The geriatric patient
may, in fact, be more at risk from adverse reac-
tions to theophylline due to associated diseases
that affect theophylline disposition rather than
the effects of age on drug elimination. It is im-
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portant to evaluate patients on an individual basis
and consider all factors that may alter drug dis-
position.

Fever

Acute infectious illness and fever have been
reported to diminish theophylline elimina-
tion.*>*® However, these brief reports have not
been confirmed, and in one report,*' the patients
were children; extrapolating these results to
adults may or may not be applicable. Based on a
study®® showing that pneumonia in adults de-
creases theophylline elimination, it was recom-
mended that the dose of maintenance amino-
phylline be reduced by a factor of 40%. Influenza
vaccination has been reported to cause a substan-
tial increase in theophylline half-life.*?

Chronic obstructive pulmonary disease

Theophylline may benefit patients with
chronic obstructive pulmonary disease (COPD),
not only because of its bronchodilating effects,
but also because it diminishes diaphragmatic fa-
tigue and improves contractility.** In a study that
examined the disposition of theophylline in
acutely ill patients, the clearance of theophylline
was reduced to about 80% of normal in patients
with severe airways obstruction.*

Other interactions (Table 4)
Smoking

Cigarette smoke contains certain polycyclic hy-
drocarbons, which are potent inducers of drug-
oxidizing systems involved in the metabolism of
theophylline.'® Studies have shown that smokers
eliminate theophylline more rapidly with clear-
ance rates increasing more than twofold.** This
increased clearance is further enhanced by smok-
ing marijuana.*’> Based on such studies, it has
been recommended that in these situations the
theophylline maintenance dose be increased by a
factor of 1.6.%®

Dietary factors

A diet containing twice daily portions of char-
coal-broiled beef for five days decreased theo-
phylline half-life by more than 20%*%; presum-
ably this occurs also by inducing drug-oxidizing
ability of the liver by polycyclic hydrocarbons
formed as food is cooked over charcoal.*” Pro-
portions of protein and carbohydrates in the diet
may also alter theophylline disposition. A high-
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Table 3. Diseases and conditions affecting
theophylline disposition

Potential effect on

Disease or condition’ theophylline level

Hepatic disease 1
Congestive heart failure 1
(acute pulmonary
edema) :
Old age ?
COPD 1
Respiratory infections 1

COPD = chronic obstructive pulmdnary disease.

Table 4. Other factors affecting theophylline
disposition

Potential effect on

Factor theophylline level

Cigarette smoking
Marijuana smoking
Charcoal-broiled foods
High protein diet
Dietary methylxanthines
Genetic factors

U —> = — —

Table 5. Modifications of theophylline
maintenance dose®* 52

Associated disease or factor Dose factor

Nonsmoker 1.0
Smoker 1.6
Congestive heart failure 0.4
Pneumonia 0.4
Cirrhosis 0.4
Severe airways obstruction 0.8

protein, low-carbohydrate diet may cause a de-
cline in theophylline half-life, whereas a low-
protein, high-carbohydrate diet may produce an
opposite effect.*® Dietary methylxanthines, the
main one of which is caffeine, compete with
theophylline for the same drug-metabolizing sys-
tems. One study has shown, for example, that the
half-life of theophylline declined to a slight but
significant degree after a one-week period on a
xanthine-free diet.** Taking a new once-a-day
theophylline preparation with a diet high in fat
content may cause potentially toxic symptoms.’
These dietary factors may explain some interin-
dividual variations in theophylline- disposition.
Considered alone, however, it is unlikely that
they substantially affect the elimination of theo-
phylline in patients on a day-to-day basis.
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Genetic variation

In order to explain interindividual differences
in theophylline kinetics, the question has been
raised as to whether there may be some genetic
basis for these perturbations. Genetic factors
probably are not significant, although an inher-
ited trait for prolonged theophylline elimination
has been reported in one family.*® No association
has been found with known pharmacogenetic
variations such as those associated with the me-
tabolism of debrisoquine and sparteine.>!

Discussion

When prescribing and estimating dosages of
medications, it is assumed that the patient receiv-
ing such medications will absorb, distribute, and
eliminate the medications in a fashion similar to
those from whom standard dosing regimens have
been derived. However, large intersubject and
intrasubject variation in drug disposition may
occur. As this review indicates, multiple factors
can affect the disposition of theophylline, some
of which cause substantial variations resulting in
the potential for serious toxicity; others are of
lesser clinical importance, but can explain some
interindividual variations in theophylline dispo-
sition.

Several important points should be kept in
mind when prescribing theophylline or adminis-
tering aminophylline. Included are the interac-
tions with macrolide antibiotics, cimetidine, and
allopurinol, all of which interfere with theo-
phylline elimination with a potential for increased
serum levels. Since phenytoin increases elimina-
tion, the dose of theophylline should be in-
creased; conversely, if phenytoin is discontinued
the dose of theophylline should be decreased.

Impaired hepatic elimination caused by liver
disease, congestive heart failure, or old age have
the potential for significantly increased serum
levels and for serious toxicity. Smoking, con-
versely, increases elimination and can, therefore,
result in underdosing.

Given all these variables, how can theophylline
be safely prescribed in complex clinical situations?
Powell et al*® has proposed a scheme, taking all
these factors into account, and this has been
further elaborated by Mungal®® (Table 5). Main-
tenance doses of aminophylline or theophylline
should be increased by a factor of 1.6 for smok-
ers. For patients with congestive heart failure or
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pneumonia, the dose should be reduced by a
factor of 0.4. In the presence of severe COPD, it
should be reduced by a factor of 0.8 and for
cirrhotics by 0.4. For example, a 70-kg patient
might ordinarily, after an appropriate loading
dose, receive 40 mg/hr as maintenance infusion
of aminophylline (70 kg X 0.6 mg/kg/hr = 42
mg/hr or 40 mg/hr). If such a patient also has
severe COPD and pneumonia, the initial main-
tenance infusion should be decreased to 13 mg/
hr [40 mg/hr X 0.8 (for severe COPD) X 0.4 (for
pneumonia) = 12.8 or 13 mg/hr]. Although these
sorts of calculations and guidelines are based on
reasonable estimates, monitoring theophylline
levels is essential for optimal therapy.

When prescribing a drug such as theophylline
with its low therapeutic index and poor correla-
tion between dose and effect, the many factors
that affect its disposition must be considered;
monitoring theophylline levels is mandatory in
these situations. No one person can keep in mind
all the factors that potentially cause underdosing
or overdosing for all drugs used on a daily basis,
many times in complex clinical situations. When
questions arise or circumstances occur in which
alterations in theophylline disposition may result
in underdosing or overdosing, reference should
be made to drug information resources and the
use of theophylline drug levels.
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