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Intravenous aminophylline in patients already taking
oral theophylline: effect on calculated dose of
knowledge of serum theophylline concentration on
admission
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ABSTRACT Measurement of serum theophylline concentration is usually recommended before intra-
venous aminophylline is given to patients taking oral theophylline. Fifty patients with worsening
airflow obstruction, all of whom were taking oral theophyllines and who had no contraindication
to the use of parenteral aminophylline, were randomly allocated into two groups before treatment
was given. The dose of aminophylline was calculated without (group A) and with (group B)
knowledge of admission serum theophylline concentration. In group A a regimen incorporating
corrections to account for factors affecting theophylline clearance was used in an attempt to
represent a “knowledgeable” approach; in group B a formula incorporating the known serum
theophylline concentration at the time of admission was used. All loading doses were given over
30 minutes as “mini infusions.” The two groups were well matched for age, blood gas tensions, and
severity of airflow obstruction. The results for four patients (one from group A and three from
group B) were excluded from analysis after completion of the study. In each group the mean
admission serum theophylline concentration measured (group A: 8-4 (SD 6:0) mg/l; group B:
7-2 (5'7)mg/l) and the aminophylline doses used (group A: loading bolus 172 (45-5) mg, infusion
815 (198) mg; group B: loading bolus 233 (189) mg, infusion 788 (214) mg) wcre similar. Mean serum
theophylline concentrations during 24 hours’ aminophylline treatment, number of patients with a
serum theophylline concentration greater than 20 mg/l, symptoms of toxicity, and outcome were
also similar in the two groups. Although satisfactory use of parenteral aminophylline was achieved
for most patients without knowledge of serum theophylline concentration at the time of admission
to hospital (with the aid of a “knowledgeable” clinical approach and constant infusion pumps),
prompt measurement of serum theophylline concentration at the time of admission identified
patients with either suboptimal or potentially hazardous theophylline concentrations.

Oral theophylline preparations are useful in asthma
for long term symptom control,’ 2 and their use may
be increasing. Parenteral aminophylline may be used
in the treatment of acute asthma* and also in the
management of patients where the degree of revers-
ibility is not fully established, though the use of the-
ophyllines in the management of airflow obstruction
due to chronic bronchitis and emphysema is contro-
versial.®

Many patients admitted to hospital with worsening
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airflow obstruction are taking oral theophyllines and
estimates of appropriate intravenous aminophylline
dosage in such cases have been found to be
imprecise.® 7 It is therefore recommended that serum
theophylline concentrations should be measured
before and during the use of parenteral amino-
phylline.® 1% Facilities for measurements are not,
however, always available and, even when they are,
doctors may wish to start treatment immediately,
resorting to “blind” treatment with a low loading
dose of aminophylline (for example,
2-5-3-0mg/kg).4 1! 12

In a recent study of the use of parenteral amino-
phylline in a district general hospital” we found that
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clinicians vary in their practice and were often
unaware of interpatient variability and other factors
affecting theophylline clearance. We recommended
regular monitoring of concentrations, and a more
“knowledgeable” clinical approach to the use of
intravenous aminophylline in patients taking oral
theophyllines.

The purpose of this prospective study was to deter-
mine the value of prompt measurement of the serum
theophylline concentrations of patients receiving oral
theophylline on their admission to hospital with
worsening airflow obstruction. Two schemes for
parenteral aminophylline dosage were compared: in
one the doses were calculated from a formula with

“ knowledge of serum theophylline concentration at
admission; in the other scheme, representing a
“knowledgeable” clinical approach, doses were based
on a standard regimen that was adjusted to account
for factors known to affect theophylline clearance.

Methods

PATIENTS
Fifty adult patients (23 of them women), mean age
59-3 (14-7) years, who had been prescribed (and
informed us that they were taking) regular slow
release theophylline drugs prior to admission, were
entered into the study. Patients known to have liver
disease or allergy to theophyllines, and those
receiving drugs known to affect theophylline clear-
ance, were excluded. All patients gave informed con-
sent and the study was approved by the hospital
ethical committee.

Patients were recruited on arrival in the accident
and emergency department and entered into the study
at the discretion of the admitting doctor, usually a
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phylline were airflow obstruction of such severity that g
maximum treatment was required immediately andc
failure to respond satisfactorily (less than 20% S =
increase in peak flow after 20 minutes) to initial @
bronchodilator treatment (nebulised salbutamol
5mg, with or without ipratropium bromide 0-25 mg). 2
The patients were studied for the first 24 hours of
parenteral aminophylline treatment, during whxcho
time all received intravenous hydrocortisone and neb- &
ulised bronchodilators in conventional doses. In g
group A the aminophylline doses to be given were ;’
predicted without knowledge of serum theophylline N
concentration on admission. In group B doses were
determined with this knowledge. Doses were calcu- ©
lated on the basis of the patient’s ideal body weight Gi
except where the actual body weight was less than‘o

i1 :XeIoy L

ideal. S

(=Y
LOADING DOSES Q
The desired dose of ammophyllme was made up to”
60ml with normal saline and given as a mnme

infusion” over half an hour with a constant mfusnonl—‘

pump, in both groups. 00
Group A The basic loading dose was 2-5 mg/kg for>
non-smoking patients taking oral theophylline*; this S

was adjusted to account for factors known to alter§
theophylline clearance.'® In smokers the dose wasg>_J
multiplied by 1-5, in patients with cardiac failure by2
0-4, and in patients with pneumonia by 0-4—and by =
0-8 if the arterial oxygen tension (Pao,) was less thano
8 kPa. The correction factors were multlphed if condi-3
tions coexisted. The actual doses given were adjustedﬁ
to the nearest 25 mg (see table 1).

Group B These patients were only given loadmg:r
doses if the serum theophylline on admission wasg
less than 10mg/l. Doses were calculated using thex
following formula®:

q

senior house officer with experience in respiratory ’ . 3
medicine under supervision of a more experienced Loading dose = (desired conc. — measured conc.) x g
clinician. Indications for the use of parenteral amino- 125 x VD 3
(=}

=}

Table |  Theophylline loading doses given to patients in group A* _Zg
Non-smoker Smoker 5

N

No CF No CF CF CF No CF No CF CF CF o

No H H No H H No H H No H H N

[®}

Basic dose mg/kg 25 2:0 1-0 0-8 375 3-00 1-5 1-2 z
c

Ideal body Wt (kg) . )
50 125 100 50 50 200 150 75 50 2
60 150 125 50 50 225 150 100 50 o
70 175 150 75 50 250 200 100 75 =
80 200 150 75 50 300 225 100 100 Q
90 200 175 100 75 325 250 125 100 o
100 250 200 100 75 375 250 150 125 2

)

*Results are in mg and the dose was adjusted to the nearest 25 mg multiple for ease of administration. CF — cardiac failure; H — hypoxaemlg

(Pao, <8-0kPa (60 mm Hg)). Also shown are the basic doses in mg/kg ideal body weight.

‘ybuAdoo


http://thorax.bmj.com/

Intravenous aminophylline in patients already taking oral theophylline 761

1.25 allows correction for the use of aminophylline rather
than theophylline as equivalent doses of the drugs are 10:8.
The desired theophylline concentration chosen was 15mg/l.
The volume of distribution (VD), the fluid volume that
would contain a known dose of drug if the measured plasma
concentration were uniform throughout the body water, was
taken as 0-51/kg; for example, for a 70kg man a figure of
35 is entered into the equation.

.

INFUSIONS

Non-smoking patients were given infusions with a
constant infusion pump at a rate of 0-5mg/kg an
hour. In smokers the infusion rates were adjusted
with the correction factor of 1-5.

SERUM THEOPHYLLINE CONCENTRATION

Venous blood was promptly taken for estimation
of theophylline concentration when patients were
admitted to the accident and emergency department.
Further samples were taken during parenteral amino-
phylline treatment after half an hour and one, three,
five, seven, 12, and 24 hours where possible. Esti-
mations of serum theophylline concentrations were
made in the adjacent biochemistry laboratory (a few
minutes’ walk from the accident and emergency
department) by an enzyme mediated immunoassay
technique (EMIT system; Zyva Corporation, USA).
Results for patients in group B were generally avail-
able 20 minutes after the blood sample was taken;
blood samples from patients in group A were assayed
during normal working hours, generally the day after
admission.

OTHER MEASUREMENTS

Peak expiratory flow (PEF) was measured at the time
each blood sample was taken. Serum electrolytes and
arterial blood gases were measured and liver function
tests were performed, and an electrocardiogram and a
chest radiograph were obtained before parenteral
aminophylline treatment was started. Where possible,
continuous (Holter) electrocardiographic recordings

were started while the patient was still in the accident
and emergency department and continued through-
out the period of the intravenous infusion.

Symptoms of theophylline intolerance (nausea and
vomiting, headache, and heartburn) were assessed
with a 10cm visual analogue scale for all patients on
their arrival in the accident and emergency
department and at the time of the half and one hour
blood samples. At the times of subsequent blood sam-
pling patients with symptoms filled in further visual
analogue scales; symptomless patients were assumed
to have scores of zero.

Differences between the two groups were assessed
statistically with the Wilcoxon rank sum test for
unpaired data and analysis of variance.

Results

Of the 50 patients studied, four were excluded from
consideration in the results. One patient was with-
drawn from group A because treatment with erythro-
mycin was started during the aminophylline infusion.
Three were withdrawn from group B, two because
oral theophylline was inadvertently continued during
the aminophylline infusion and a third because
wheezing was found to be due to a bronchial car-
cinoma.

All patients in group A, 13 of whom were smokers,
had asthma. Eight patients (all men) in group B, three
of whom were smokers, had worsening airflow
obstructon related to chronic bronchitis and
emphysema. The remainder in group B (14 patients,
9 of them smokers) had asthma.

There was no significant difference between the two
groups with respect to either age, body weight (actual
or ideal), or arterial blood gas tensions (table 2).

SERUM THEOPHYLLINE CONCENTRATIONS
ON ADMISSION
Both groups had a wide range of serum theophylline

Table 2 Age, body weight, and arterial blood gas tensions of patients admitted to the study (means with standard deviations

and ranges in parentheses)

Group A (n = 24)

Group B (n = 22)

Age (y)
All 60-2 (15-6) (25-82) 58-5 (13-4) (20-76)
Men 66-5 (11-9) (43-82) 60-0 (11-8) (33-72)
Women 54-8 (16-4) (25-78) 55-8 (15-5) (20-76)
Body weight (kg)
Actual 67-4 (16-8) (46-114) 67-0 (16-9) (41-98)
Ideal o 59-3 (9-2) (45-73) 62-6 (6-5) (50-72)
Blood gases (kPa) on admission
Pao, 9-3 (2-7) (5:3-15-6) 9-2 (27) (5:2-14-2)
Paco, 5-1 (1-0) (3-4-8-0) 5-4 (1-2) (3-7-7-7)

Pao,—arterial oxygen tension: Paco,—arterial carbon dioxide tension.

Conversion: SI 10 traditional units—Blood gas tensions: 1kPa = 7-5mm Hg.
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concentrations on admission to hospital and the
mean values were similar (table 3). There was no
significant difference between the groups in the
number of patients with a serum theophylline
concentration on admission less than 5mg/l or
greater than 20 mg/1.

DOSE OF AMINOPHYLLINE

There was no significant difference between the bolus
doses given to the two groups. The mean (SD) values
in mg and the ranges were as follows: group A 172
(45) (125-300); group B 233 (189) (0-575). There was
also no significant difference in the mean total infused
dose between the two groups (mean (SD) values
(mg/24 h) and ranges: group A 815 (197) (550-1450);
group B 788 (213) (450-1300).

SERUM THEOPHYLLINE CONCENTRATIONS
DURING INFUSIONS

Complete series of serum theophylline concentrations
were available from all patients during aminophylline
treatment except for two (group A) at one hour, two
(group B) at five hours, and one (group B) at seven
hours. Average serum theophylline concentrations
during aminophylline infusions were similar in the
two groups (table 3), although results in group A ten-
ded to be more variable (figl). There was no
difference in the numbers of patients with a theo-
phylline concentration of less than 5mg/l, from 20 to
25 mg/l, and greater than 25 mg/l in each group at any
point during the aminophylline infusions. A com-
parison of individual admission and one hour serum
theophylline concentration is shown in figure 2.

PEF MEASUREMENTS

There was no significant difference between the
groups with respect to PEF either on admission
(mean (SD) values: group A 95 (60) Imin~!, group B
146 (93)Imin~' or after 24 hours, aminophylline
treatment (mean values: group A 234 (97)Imin"!;
group B 225 (117)Imin™").
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Fig | Mean serum theophylline concentrations (mg/l)
during parenteral aminophylline treatment. Dots indicate
group A and triangles group B; the bars represent one
standard deviation. The broken lines indicate the therapeutic
range of serum theophylline concentration ( 10-20 mg/1).

SYMPTOMS OF THEOPHYLLINE TOXICITY
Symptoms of theophylline toxicity were minimal in
both groups throughout the study and in most
patients visual analogue scale scores were zero
throughout.

One patient in group A, whose highest theophylline
concentration was 19-2mg/l, vomited during the
aminophylline infusion. One patient in group B
developed severe nausea without vomiting (highest
theophylline concentration 22-:6mg/l) during the
infusion; this patient’s infusion rate had been tempo-
rarily increased by mistake. There were no symptoms
after bolus doses in any patient and no other symp-
tom of toxicity was detected at any stage during
treatment.

No patient suffered a convulsion and no cardiac
arrhythmia requiring treatment was detected clin-
ically. Technically satisfactory Holter electrocardio-
graphic recordings were obtained from only 18
patients, 10 in group A and 8 in group B. No major
arrhythmia was detected in 12 of the patients. Three
other patients showed atrial fibrillation throughout

Table 3 Serum theophylline concentrations* during intravenous theophylline treatment (means with standard deviations and

ranges in parentheses)

Theophylline concentration (mg/l)

Time (h) after admission Group A(n= }7) .

~

N —
BN W— O

*Complete serum theophylline concentrations were available from all patients except for two (group A) at 1 hour, two (group B) at 5 hours,

and one (group B) at 7 hours.
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Fig2 Comparison of serum theophylline concentrations on
admission to hospital and one hour after the start of
intravenous aminophylline treatment. Closed circles indicate
group A (n = 22) and the open circles group B (n = 22).
The broken lines indicate the therapeutic range of serum
theophylline concentration (10-20 mg/l).

the study and each had frequent ventricular ectopic
activity. The remaining three patients had bursts of
supraventricular tachycardia with frequent atrial
and ventricular premature beats. There was no
obvious association between serum theophylline
concentration and cardiac arrhythmia.

Discussion

There are potential difficulties in the use of parenteral
aminophylline in patients already taking oral theo-
phyllines. It has been recommended on the basis of
pharmacokinetic studies®~!° that serial measure-
ments of serum theophylline concentration should be
made and that subsequent aminophylline doses
should be calculated from formulae. Clinical studies
have supported these recommendations.” !> The
formulae suggested have wide confidence limits,!°
however, and the assays are costly. The purpose of
this prospective study was to assess the value of
knowledge of serum theophylline concentration at the
time of admission to hospital by comparison of two
aminophylline dosage regimens, one with and the
other without availability of this information.

The treatment regimens used in this study were
such that aminophylline loading doses were given to
all patients who were randomised into group A. It has
been suggested that this approach is potentially haz-

ardous.® Boluses were given to only seven patients
whose admission serum theophylline concentration
was greater than 10 mg/l and a potentially dangerous
serum concentration (32-3mg/l at 1 hour: fig2) was
recorded in only one patient; parenteral amino-
phylline was used at a time when this patient’s condi-
tion was critical because of pneumonia and severe
hypoxaemia; the safe, effective use of parenteral
aminophylline in these circumstances is extremely
difficult. The  highest serum theophylline
concentration at one hour in the six other patients
was 24-5mg/l and no symptom suggesting theo-
phylline toxicity was recorded in any of these patients.
In comparison two patients in group B, who were not
given loading boluses because their serum theo-
phylline concentrations on admission were 16-3 and
181 mg/l respectively, also reached a concentration
greater than 20mg/l at 1 hour. This reflects either
changes in theophylline clearance or perhaps the fact
that oral theophylline had been taken shortly before
admission, so that the concentration on admission
did not represent a steady state result.

The use of a loading bolus without knowledge of
serum theophylline concentrations did not cause
problems in this study, but the average dose given was
only 170 mg, less than the 250 mg observed in our pre-
vious study’ and by others.!! The loading doses used
were derived from the patient’s ideal rather than
actual body weight. Actual weight was suggested by
Gal'* on the basis of a pharmacokinetic study in nor-
mal subjects not taking oral theophyllines. This was
clearly inappropriate for our study—for example, a
woman with asthma whose actual body weight was
114kg and whose serum theophylline concentration
on admission was 8-4mg/l would have been given
over 400mg of aminophylline if her actual body
weight had been used rather than her ideal weight,
which resulted in a dose of 200 mg; this raised the
serum concentration at 1 hour to 14-4mg/1. A factor
contributing to the safety of the bolus doses used in
both groups ef patients in this study was the mode of
administration. The doses were given over half an
hour as “mini infusions” by constant infusion pumps.
This method was chosen because theophylline has
two compartment kinetics, in which the broncho-
dilating effect correlates with the second (or tissue)
compartment rather than the initial ““volume of distri-
bution” compartment!®; thus rapid administration
may cause very high theophylline concentrations
because a finite time is needed for the drug to be dis-
tributed from the central to the tissue compartment.*
It is generally recommended that loading amino-
phylline doses are given over 10-15 minutes,'® but
our study suggests that this may be too short a time.

A clear problem with the use of loading boluses
calculated without knowledge of serum theophylline
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concentration was the undertreatment of patients
whose concentration on admission was low. The
study design presupposed that group A patients had
appreciable theophylline in their blood at the time of
hospital admission and individuals who did not were
subsequently undertreated. Nevertheless, all such
patients in group A had a serum concentration
greater than 5mg/l at one hour, which, although not
ideal, is associated with a degree of broncho-
dilatation.!” By comparison, three of seven patients
in group B whose serum theophylline concentration
on admission was less than 2-5mg/l also failed to
reach a serum concentration within the therapeutic
range at 1 hour; thus, even with knowledge of admis-
sion serum theophylline concentration, an ideal
loading dose cannot be guaranteed for every patient.
The target serum theophylline concentration of
15mg/1 was chosen because it is in the middle of the
therapeutic range and allows a safe margin below the
potentially toxic range. Choosing a higher value may
have improved the serum theophylline concentration
at 1 hour in group B, but in view of interpatient vari-
ability in theophylline clearance'® this would have
been at the expense of risking toxicity in some
patients.

The average total infusion doses given to the
patients in the two groups were similar to those pre-
viously recommended (180 mg six hourly in an adult
weighing 60kg)!® and considerably less than those
used when clinicians choose doses by guess work
(1175 (SD 268) mg in 24 hours).” Although individual
results were more variable in group A, most patients
in the study had serum theophylline concentrations
greater than 10 mg/] throughout their aminophylline
infusions. Furthermore, results for individual patients
were relatively constant throughout the infusion. This
is in contrast with the results of our previous study,’
which showed that patients are inadequately treated
when the doses of infused aminophylline are guessed.
In the present study the patients in both groups whose
serum theophylline concentrations were lowest
during infusions were those whose serum concen-
tration at 1 hour was suboptimal, emphasising the
value of using an accurate loading bolus.

Three patients (all critically ill, two in group A and
one in group B) were “overtreated” (serum theo-
phylline concentration greater than 25 mg/l on at least
one occasion) during their aminophylline infusions,
indicating that neither the use of correction factors
nor the knowledge of admission serum theophylline
concentration can fully overcome the fluctuations in
theophylline clearance that occur in severely ill
patients.!® Measurement of serum theophylline
concentration is valuable during the course of
intravenous aminophylline treatment, however,
particularly if treatment is prolonged and there are
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fluctuations in the patient’s condition.

The general lack of symptoms of theophylline
toxicity in both groups was unexpected and grat-
ifying. No patient complained of either headache or
heartburn during the study and only two patients
suffered from nausea and vomiting. The lack of symp-
toms is probably due to the use of constant rate
pumps to administer both loading doses (“‘mini
infusions”) and maintenance treatment and to setting
the “target” theophylline concentration at 15mg/l,
which meant that the theophylline concentration was
maintained within the range 5-20mg/l in most
patients.

Is it possible, in clinical practice, to obtain better
serum theophylline concentrations than those seen in
the patients in this study, the circumstances of which
may not be typical of practice in some district general
hospitals? Results might have been improved if two
factors could have been overcome. Firstly, under-
statement by some patients about their smoking hab-
its may have resulted in administration of suboptimal
aminophylline doses. Heavy smokers may need three
months of abstinence from cigarettes before their
theophylline clearance becomes that of a non-
smoker?° and the doses of aminophylline used in such
patients should be adjusted appropriately. The sec-
ond and perhaps most difficult problem to contend
with was the relationship between the time when the
last oral dose of theophylline had been taken and
measurement of serum theophylline concentration.
Neither treatment regimen used in this study can take
this fully into account. It has been suggested that con-
sistent serum theophylline concentrations can be
obtained by wusing drug doses derived from
calculations of clearance rates based on two mea-
surements made during aminophylline infusion.?! 22
Although these methods are claimed to be simple,
they are probably impractical for routine clinical
practice.

In conclusion, the results of this study suggest that
the doses of intravenous aminophylline used in rou-
tine clinical practice may be excessive. Measurement
of serum theophylline concentration at the time of
admission to hospital identified patients whose com-
pliance with oral theophylline treatment was poor or
whose maintenance dose was suboptimal, and
avoided the administration of loading doses to
patients whose admission serum theophylline concen-
tration was potentially toxic. Similar benefit might be
obtained, however, by regular non-urgent outpatient
monitoring of serum theophylline concentration and,
furthermore, knowledge of serum theophylline
concentration at the time of admission to hospital
does not guarantee optimal parenteral aminophylline
treatment. Many patients may be given satisfactory
parenteral aminophylline treatment without knowl-
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edge of their serum theophylline concentration on
admission, provided that doses are derived from a
regimen incorporating a ‘“knowledgeable” clinical
approach. Nevertheless, theophyllines are difficult
drugs to use in clinical practice and measurement of
serum theophylline concentration when patients are
admitted to hospital improves their use.

We would like to thank Napp Laboratories for
financial assistance, Dr H Pandov for assistance with
serum theophylline measurement, Dr PL Weissberg
for analysing 24 hour ECG tapes, and Mrs P Jackson
for her secretarial help.
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