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Abstract
Many premature neonates suffer from apnea, and aminophylline is administrated

for them. The objective of this study was to reveal pharmacokinetic (PK) parameters
of theophylline in Iranian premature neonates. Premature neonates (68) who were
admitted in the Neonatal Intensive Care Unit (NICU) of Namazi, Hafez, and
Zeinabieh Hospitals were included in the study. All of them received 5 mg/kg
aminophylline. One group received 1 mg/kg/8 h and the other group received 2
mg/kg/8 h as maintenance dose. One blood sample was taken in steady-state on just
before eleventh dose. Theophylline level was determined with immunoassay kit. There
was a significant difference in average serum concentration (Cave

ss ) between two
dosing levels (7.69±2.92 µg/ml vs. 11.44±3.80 µg/ml). Furthermore, the total
clearance and volume of distribution were significantly different in two groups. No
significant correlation could be found between the gender and Cave

ss in different
dosing levels. Postnatal age and postconceptional age have significant relationship
with Cave

ss just in the second group. According to theophylline serum concentrations,
these two dosages produce therapeutically safe and effective blood levels. Pharma-
cokinetic parameters in these patients – in two dosing groups – approximately are
correlated with other reported and recommended amounts.
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1. Introduction
Many research efforts have been devoted

to theophylline pharmacokinetics. These
studies have covered several aspects such as
basic or clinical studies, single or multiple
dose studies, linear or non-linear pharmaco-
kinetic evaluations, molecular pharmacokinetic
studies, dose-response titrations, etc. Overall,
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it seems that many factors can affect
theophylline pharmacokinetics and, therefore,
one can see huge variations in pharmacokinet-
ics findings [1, 2].

Therapeutic window for theophylline -
especially in premature neonates- is very
narrow, whereas there is no agreement on a
fixed serum level range with this respect.
Consequently, there is not a single
recommended dose for achievement of the
therapeutic range, which has the boundaries
of 4-7 µg/ml as minimum (minimum
effective concentration; MEC) and 11-14
µg/ml as maximum (minimum toxic
concentration; MTC). For example, Jones
and Baillie recommended 5 µg/ ml for MEC
and 17 µg/ ml for MTC [3]. Shannon et al.,
however, have found that levels above 12
µg/ ml are unnecessary and may be associated
with unwanted effects [4]. Lagercrantz et al.
recommended 7.25 µg/ ml for MEC [5].

In medical literature, we find various
methods of treating apnea with aminophylline
and there is no clear cut protocol. The aim of
the current study is comparing the pharmaco-
kinetic parameters between two maintenance
doses of aminophylline (1 mg/kg versus 2
mg/kg) in Iranian premature neonates.

2. Method and material

2.1. Patients and methods
This study was approved by ethics

committee of Shiraz University of Medical
Sciences. The consent form was signed by
parents of neonate prior the patients enrolled
in this study.

Neonates with gestational age ≤36 weeks
who were admitted in the Neonatal Intensive
Care Unit (NICU) of Namazi Hospital, Hafez
Hospital, and Zeinabieh Hospital, Shiraz
University of Medical Sciences, were eligible
for this study. Apnea had diagnosed in all
eligible patients by neonatologist. Patients
received 5 mg/kg aminophylline as loading
dose (LD), and 1 or 2 mg/kg/8 h as
maintenance dose (MD) up to the eleventh
dose. Patients who had previously received
any methylxanthine were excluded from this
study. Patients who had changed dose before
the eleventh repeated dose were excluded
from the study, too.

Loading dose was administered
intravenously (IV) during 20 min. The
maintenance doses in two levels mentioned
were started 8 h after the loading dose, and
then were repeated every 8 h as intermittent
IV infusion within 20 min. Neonates were
randomized to receive one of the maintenance
doses of 1 mg/kg or 2 mg/kg of
aminophylline. Maintenance dose amounts

Figure 1. Schematic representation of the trapezoidal shape of AUC (area under the curve) between eleventh and twelfth doses
of aminophylline.
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were calculated for each patient based on the
patient weight, and then the ampoules were
diluted (in 6 ml that is the volume of extension
tube) with 5% dextrose infusion and were
administered by extension tube in about 20
min. For each patient, just before the eleventh
dose, one 1-ml blood sample was obtained
from peripheral vein via broken needle. The
blood samples were left to clot for 45 min.,
centrifuged at 1000 g for 5 min, and serum
was separated by aspiration and maintained
in freezer at -25 °C until drug assay time.

The utilized kit principles are based on
immunoassay. The Quantex Theophylline
used in this study works based on a latex
inhibition assay. The reagent is a suspension
of polystyrene latex particles of uniform size
coated with theophylline which agglutinates
with the theophylline antibodies contained
in the buffer. When a serum containing
theophylline is previously mixed with buffer,
the agglutination is inhibited in proportion to
the theophylline concentration.

Theophylline assay methods should be of
precision enough to produce a CV (Coefficient
variant) <10% and preferably ~ 5%, if phar-
macokinetic analyses are being used to adjust
dosage. The precision and accuracy over
several days should be such that the CV is
<5% [6]. The CV of our kit was 1.6%. In

this kit, the results between 1.5 to 320 µg/ml
with automatic rerun were linear.

A stock solution of theophylline was
prepared from which the concentrations of 2.5,
5, 10, 20, 40 µg/ml were prepared by serial
dilution. These solutions were analyzed by
auto-analyzer for making a standard curve. In
fact, it measures the absorbance of each
concentration 25 times and the average values
are used for equipment calibration
automatically.

It was recommended to use two levels of
controls. The quality control samples were
analyzed at least once each. The control values
were within established range. Otherwise,
corrective measures were taken by the user,
for identification and resolution of out-of-
control situations.

Based on similar studies, practical
considerations, and statistical principles (α=
0.05) for an open label and purpose-to-treat
clinical trial study, sample size was
determined. Sixty-eight neonates were divided
into two groups based on dosing level: 34
subjects received 1 mg/kg and 34 subjects
received 2 mg/kg. For randomization in this
study, patients 1 to 34 were belonged to group
1 and patients 35 to 68 were belonged to
group 2.

For pharmacokinetic analysis, considering
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Figure 2. Point distribution of average steady-state serum concentration (Css, ave)  of theophylline in premature neonates in
two maintenance dosing groups (1 mg/kg versus 2 mg/kg;  Q8h). 



F Vazin et al / IJPS Summer 2011; 7(2): 151-163

154

the drug nature, sampling times and that the
multiple-dosing is being used in the study, the
one-compartment open model was selected.
At first, it was supposed that in the therapeutic
range, we have linear pharmacokinetic.

From samples taken at trough level before
the 11th dose, as mentioned, we have a trough
level which can relate to the peak
concentration by the formula:

(1)

Where, Slope, Cp, Ct, and τ, represent the
slope of concentration-time curve, peak and
trough concentrations and dosing interval,
respectively. 

On the other hand, we have:

(2)

Where K is the drug elimination rate constant.
Also the following equation relates K to

plasma half-life of the drug (t1/2):

(3)

Based on clinical pharmacokinetic population
data, theophylline half-life in premature
neonate can be taken as 30 hours [1].
Therefore, based on formula (3), the average

K for these patients are obtained as   0.0231
h -1 and, then, based on relation (2), slope
becomes -0.01. Negative sign of slope shows
the declining trend of time–concentration
curve between tenth and eleventh dose. Using
the equation Cp for each patient can be
calculated. 

The following equation relates the Cave
ss

of a drug, the integral mean of the
concentration of a drug at steady state, to the
AUCτ of the drug, i.e., the area under plasma
concentration-time curve of the drug in a
dosing interval at steady state:

(4)

When half-life of a drug is long enough
compared to the dosing interval, we can
calculate AUCτ with the approximation of
considering the trend curve connecting peak
and trough as a straight line instead of an
exponential trend, such that the geometry of
AUCτ becomes a trapezoid (Figure 1):

(5)

Therefore, having peak, trough and dosing
interval known, AUCτ could be determined
readily for each patient, which, in turn,

Figure 3. Point distribution of clearance of theophylline in premature neonates in two maintenance dosing groups (1 mg/kg
versus 2 mg/kg; Q8h).
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resulted in calculation of the individual Cave
ss.

On the other hand, for a drug in steady
state, we have:

(6)

Where, F is bioavaibility of the drug, S is
the salt factor, MD is maintenance dose, and
Cl is the total systemic clearance of
theophylline. In IV administration, F equals
to unity, S for aminophylline is 0.873, MD for
group 1 of patients is 1 mg/kg and for group
2 of patients is 2 mg/kg, and τ is 8 h.

We calculated total systemic clearance
(l/kg/h) of theophylline for each patient.

Finally, we calculated the volume of
distribution of the drug in each patient having
the formula: 

(7)

Where, Vd is volume of distribution (l/kg) of
theophylline, and K is the elimination rate
constant of theophylline obtained from
literature [1].

2.2. Statistical analysis
All the statistical comparisons were

performed using the independent t test and the

significance of correlation was judged by
correlation (Pearson) test. All the tests were
made by using "SPSS 15" software. The
significance level throughout the study was
taken as p<0.05.

3. Result
According to the criteria described earlier,

68 infants were eligible to be enrolled in this
study. Of these patients, a total of 6 (8.8%)
were excluded from the study due to the
changes occurred in the dose of aminophylline
before the eleventh dose. There was no
significant difference between two groups in
the baseline characteristics of the infants
(gestational age, weight, and gender).

There was a significant difference in
between two dosing levels (p<0.001)
(7.69±2.92 µg/ml vs. 11.44±3.80 µg/ml)
(Figure 2). Concentrations of these two dosing
groups – that are related with a gradient line
– is significant. Furthermore, the total
clearance and volume of distribution are
significantly different in two groups (p<0.01
for Cl and p<0.01 for Vd) (Figures 3 and 4).

The correlation between drug pharmaco-
kinetic and individual personal characteristics,
including gender, body weight, and gestational
age was evaluated. No significant correlation
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Figure 4. Point distribution of volume of distribution of theophylline in premature neonates in two maintenance dosing groups
(1 mg/kg versus 2 mg/kg; Q8h).
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could be found between the gender and Cave
ss

in different dosing levels (p>0.05 in both
cases). The correlation between Cave

ss and
patient body weight was also not significant
in dosing level 1, but it was significant in
level 2 (Figures 5, 6). 

The correlation between Cave
ss and

patients’ gestational age was insignificant in
dosing level 1, but it was significant in level
2 (Figures 7, 8). The effect of the patients’
postnatal age (PNA) and the pharmacokinet-
ic parameters was evaluated using Cave

ss as
the independent parameter measured in this
study in two dosing levels. The correlation
was insignificant in dose level 1, but it was
significant in dose level 2 with a declining
trend (Figures 9, 10). 

It seems that there are two outlier points in
this set with the PNAs obviously higher than
the rest of the patients. We tried to ignore
them and investigate the correlation. Statistical
test showed that, upon this omission, no
significant changes occurred in the final result.

Another parameter which seems to have a
relation to theophylline pharmacokinetic
parameters is post-conceptional age (PCA)
which is the sum of gestational age and
prenatal age. As shown in Figures 11 and 12,

PCA affects drug serum concentration in a
manner similar to PNA, i.e., significant effect
only in 2 mg/kg dosing level with a decreasing
trend.

4. Discussion
In this study, the main pharmacokinetic

parameters of theophylline have been
determined in a population of neonates
suffering from premature apnea.

A standard, two-groups, open-label,
parallel, multiple-dose, purpose-to-treat,
multiple-drug design was used in this study
for the evaluation of pharmacokinetic
parameters of the apnic premature neonates
upon administration of two different doses of
1 mg/kg and 2 mg/kg intermittent intravenous
infusions during 20 min infusion periods with
8 h dosing intervals (τ). Generally, two time
points are routinely measured in multiple
dose studies in order to determine the phar-
macokinetic parameters: peak and trough
concentrations. Both of peak and trough serum
concentrations are commonly used in clinical
pharmacokinetic studies, but when there is any
limitation in sampling, trough point is of a
better reliance and applicability for pharma-
cokinetic evaluations as well as for therapeutic
drug monitoring (TDM) purposes.
Accordingly, as mentioned earlier, we could

Figure 5. Correlation of body weight at sampling time and average theophylline serum concentration in premature neonates
with 1 mg/kg Q8h (p=0.08). The dotted regression lines indicate non-significant relationship.
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obtain only trough samples in the current
study and, therefore, using a series of standard
pharmacokinetic relations and population
pharmacokinetic data from the literature, we
calculated the pharmacokinetic parameters
as mentioned in Materials and Methods.

4.1. Steady state serum concentration
As expected, a significant difference was

found between average drug concentrations
of two dosing groups in steady state (p<0.05;
Figure 2). However, when drug administration
rate grows two-times, the corresponding
serum concentrations do not show
proportional increase. Clearly, this observation
indicates a type of non-linearity in drug phar-
macokinetic in this population. We will
discuss this issue further in clearance section
as the non-linearity in drug concentrations
routes back the unexpected differences in
drug clearance in different doses.

4.2. Clearance
The total systemic clearance of

theophylline in neonates included in this study
showed a significant difference between two
dosing groups (p<0.05) (Figure 3), which
indicates the occurrence of non-linear phar-
macokinetic in this population, as mentioned
earlier. Jenne et al. have reported non-linear

pharmacokinetic of theophylline in 83
children affected by obstructive lung disease
receiving IV aminophylline, which is
attributed to saturation of the drug elimination
processes in the population studied [7]. In
addition, Weinberger and Ginchansky reported
in a study on 20 children with chronic asthma
that patients receiving two-fold or greater IV
aminophylline present a significantly lower
drug clearance [8].

Interestingly, the above-mentioned reports
on non-linearity of theophylline pharmacoki-
netic are different from the current study, as
with the higher dosage rate we found a higher
drug clearance indicated by a lower steady
state serum concentration of the drug. Because
of incomplete development of hepatic
metabolizing enzyme systems in premature
neonates, about 50% of the theophylline dose
is excreted as unchanged drug via renal
clearance [9]; therefore, upon saturation of the
hepatic enzymes responsible for theophylline
biotransformation, by increasing the dose,
the drug elimination becomes more renal-
dependent which acts more efficiently in
theophylline elimination [10]. The other
possible explanation for this result is that:
because a large proportion of the drug is
excreted unchanged in the urine in this group
of patients, an increased diuretic effect of the
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Figure 6. Correlation of body weight at sampling time and average theophylline serum concentration in premature neonates
with 2 mg/kg Q8h (p=0.02). Significant relationships are represented by solid lines.
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drug at larger doses increases the drug
clearance with growing dosage rates [11]. 

4.3. Volume of distribution
The volume of distribution of theophylline,

which is a parameter derived from clearance
in our calculations differs significantly in the
two dosing groups, as expected (Figure 4).
Since we had to assume a fixed elimination
rate constant in this study as a result of
limitation in blood sampling, the situation in
clearance is directly reflected in Vd.
Therefore, no logical discussions can be made
in this context. 

In premature infants, apparent volume of
distribution of theophylline is generally almost
two-times higher than in adults (volume of
distribution in adults is 0.3-0.7 l/kg, averaged
0.45 l/kg) [12]. Aranda et al. have suggested
that volume of distribution in premature
neonates is about 0.69 l/kg [13]. The volume
of distribution of 0.91 l/kg for premature
neonates was reported by Giacoia et al. [14].
Some other studies have calculated the
theophylline Vd as 0.71 l/kg [3], 0.77 l/kg, and
0.76 l/kg [15]. Therefore, we can see high
variations in results reported. The data
obtained in the current study is similar to the
results of Aranda et al. [13] for group 1, and
to the results of Giacoia et al. [14] for group

2, i.e., the Vd values of 0.703±0.282 l/kg and
0.913±0.308 l/kg, for groups 1 and 2,
respectively. 

The higher volume of distribution of
theophylline in premature neonates compared
to those of children and adults can be
described by two issues. First, neonates have
a larger fraction of body water and, therefore,
they have more exteracellular water in the
first year of life, and it can be expected for
water soluble drugs such as theophylline to
have more volume of distribution in this
period. Second, a lower protein binding
capacity in premature neonates than in
children and adults may account for this
difference in Vd. The latter reason has also
been established by a study on malnutritioned
children. While theophylline Vd in normal
children is 504.2 ml/kg, in under weight,
marasmus and kwashiorkor children, it is
533.9, 677.5 and 724.6 ml/kg, respectively
[16].

4.4. Weight
Another parameter that seems to have an

effect on the average plasma concentration is
patient’s body weight. In our study, dose
administration was based on the body weight,
and the amount of drug that every patient
received was in proportion with their weight.

Figure 7. Correlation between gestational age and average theophylline serum concentration of premature neonates with 1 mg/kg
Q8h (p=0.30).
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Therefore, we expected that no relation
between these two factors would exist in each
group. However, based on our statistical test
in the second dosage group, a significant
reverse relationship exists between weight
and theophylline serum concentration (Figure
6). This finding indicates some qualitative
factors effective in this respect, i.e., something
is happening with weight growth in neonates
related to the drug disposition. This
relationship is not significant in group 1
(Figure 5).

Gilman et al. have reported a non-
significant correlation between body weight
and theophylline clearance in premature
neonates [17]. However, the result of a
population pharmacokinetic study of
theophylline in very premature Japanese
infants with apnea by Fukuda et al., the effect
of weight on theophylline clearance was
confirmed [18].

4.5. Gestational age
Another characteristic that theoretically

may have an effect on pharmacokinetic
parameters is gestational age. To address this
question, we noticed that the correlation
between gestational age and pharmacokinet-
ic parameters was insignificant in dose level
1 (Fig. 7), but it was significant in reverse

direction in dose level 2 (Fig. 8). It is probable
that the higher gestational age causes more
maturation and decreased serum level in
second group.

Maturation process occurs with age and
newborns with higher gestational age
automatically are more mature. In liver
maturation, it is probable that cytochrome P-
450 activity increases and drug metabolism or
theophylline clearance increases with the
increase of age. So, weight indirectly has an
influence on serum concentration. In
premature infants with greater weight, serum
concentration is decreased and this logical
behavior is seen in group two. There is no
explanation in the scope of this study for the
question why the dose group 1 does not show
this correlation.

4.6. Correlation between patient postnatal age
(PNA) and theophylline pharmacokinetic

Some researchers have changed their point
of view into evaluation of the maturation
process after birth in premature infants in
terms of its effect on pharmacokinetic
parameters. The clearance of theophylline in
one infant determined at 20 and 48 weeks
postnatal increased from 0.37 to 1.5
ml/kg/min, accordingly [19]. 

In 1976, Aranda et al. have reported no
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Figure 8. Correlation between gestational age and average theophylline serum concentration of premature neonates with 2 mg/kg
Q8h (p=0.04). Significant relationships are represented by solid lines.
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statistically significant correlation between
theophylline half-life and postnatal age,
gestational age or post-conceptional age in six
premature infants [13]. In another study, a
relatively shorter plasma half-life (19.8 h)
and higher clearance (39 ml/kg/h) has been
reported in older premature infants, which
suggest dramatic changes in drug pharma-
cokinetic after the third week of postnatal
life [20]. Giacoia et al. have performed a
study of theophylline pharmacokinetic in
eight premature neonates with apnea. They
have proposed that baby clearance of
theophylline appears to increase progressively

with age [14]. Lönnerholm et al. have studied
17 preterm infants. In three of them repeated
sampling have shown an increase in clearance
of theophylline from 16.8±0.4 (mean ± SE)
at a postnatal age of 6-11 days to 30.9±2.5
ml/kg/h at 64-69 days [21].

In the current study, serum levels of
theophylline showed a significant reverse
correlation with PNA in group 2, but not in
group 1 (Figures 9 and 10). It means that in
the former group, when postnatal age
increases, theophylline serum concentration
progressingly decreases which can be
attributed to the progressive maturation

Figure 9. Correlation of postnatal age with average serum theophylline level of premature neonates with 1 mg/kg Q8h
(p=0.24).

Figure 10. Correlation of postnatal age with average serum theophylline level of premature neonates with 2 mg/kg Q8h (p=0.04).
Significant relationships are represented by solid lines.
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occurred in drug elimination process. There
is no logical explanation within the scope of
this study for why this trend is not the case
with the lower dose level.

4.7. Correlation between patient postconcep-
tional age (PCA) and theophylline
pharmacokinetic

PCA is another parameter of maturation
being related quantitatively with drug phar-
macokinetic. Kraus et al. have studied the
maturation parameters on 52 infants. They
studied theophylline clearance, serum

caffeine-to-theophylline ratio and some other
parameters as an indicator of maturation.
Their findings indicated that post-conceptional
age rather than postnatal age should be used
as a maturational marker during theophylline
therapy in infancy [22]. The result of this
group is opposed to result of Dothey et al. [15]
which preferred PNA instead of PCA.

Nonetheless, it can be clearly said that
pharmacokinetic parameters of theophylline
undergo substantial changes with neonatal
age. However, in this study, the significant
decreasing trend in drug serum level with
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Figure 12. Correlation of post-conceptional age with average serum theophylline levels of premature neonates with 2 mg/kg
Q8h (p=0.001). Significant relationships are represented by solid lines.

Figure 11. Correlation of post-conceptional age with average serum theophylline levels in premature neonates with 1 mg/kg
Q8h (P = 0.43). No significant effect on the statistical inference.
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PCA was evident, again, only in group 2, with
no explanation herewith (Figures 11 and 12).

A study on nine preterm infants (12 to 191
days old) has demonstrated that theophylline
clearance correlate better with the post-natal
age than with the post-conceptional age [15].
A strong correlation was obtained between log
t1/2 and post-natal age. The correlation with
the post-conceptional age was weaker. These
investigators propose that the clearance of
theophylline clearly increased during the first
six months of life, whereas the t1/2 decreased
with post-natal age. The lack of correlation
between gestational age and changes in
clearance or t1/2 was unexpected. The highly
significant correlations between clearance,
t1/2, and postnatal age suggest that the
function of cytochrome P-450 is in a dormant
stage during the intrauterine life and is induced
rapidly after delivery. The impact of postnatal
age is thus far more important than the
gestational age. The correlations found
between post-conceptional age and changes
in clearance and t1/2 were initially puzzling.
They also continue: the fact that the log t1/2
correlated better with the postnatal age than
t1/2 itself suggest that the maturation of
cytochrome P-450 probably follows a
logarithmic process during the first six months
of life and the present study will permit us to
define age-specific dosage guidelines and to
improve the efficacy and safety of theophylline
treatment in the neonatal period [15].

Further studies are recommended in the
way to develop non-invasive approaches, e.g.
oral or rectal, for these patients. In this study,
we encountered the limitation in blood
sampling. It is suggested to find a way for
having at least two, instead of one, blood
samples for each patient. Our results,
conclusions and recommendations are based
on limited population as well as limited phar-
macokinetic observations. Therefore, further
studies are needed seriously to confirm the
findings in a clinical scale. 

5. Conclusion
According to theophylline serum

concentrations, these two doses produce ther-
apeutically safe and effective blood levels, but
if higher doses become necessary, some
problem may exist with potential toxicity
based on pharmacokinetic data. Total systemic
clearance of theophylline in patients receiving
two doses, does not remain constant. It means
that pharmacokinetic of theophylline in these
neonates is somehow non-linear in this dosage
range, showing negative deviation i.e.
increased clearance and disproportionally
increased Css. 
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