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ABSTRACT: The aim of this study was to test the equivalence of once- and thrice-daily
dosing with tobramycin by comparing efficacy and safety in adult patients with cystic
fibrosis.
Sixty adult patients with an acute respiratory exacerbation were randomized to

receive either 10 mg?kg-1 tobramycin once-daily or 3.3 mg?kg-1 tobramycin thrice-
daily. Primary efficacy and safety endpoints were defined as changes in respiratory
function and changes in renal function and hearing.
Both groups showed a significant increase in respiratory function without a clinically

significant change in renal function. For changes in forced vital capacity % predicted
and serum potassium and magnesium levels, equivalence was demonstrated. For the
variables forced expiratory volume in one second and forced mid-expiratory flow %
pred and serum creatinine levels, there was insufficient power to demonstrate equi-
valence. One patient in each group showed bilateral impairment in pure tone audiogram
after treatment.
This study demonstrated significant clinical improvement with both once- and thrice-

daily tobramycin dosing. Equivalence between the two regimens was shown for some,
but not all primary endpoints. Once-daily dosing should be used with careful monitoring
of safety and efficacy until large multicentre studies confirm these encouraging results.
Eur Respir J 2002; 19: 303–309.
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In most adult patients, cystic fibrosis (CF) is
characterized by recurrent acute pulmonary exacer-
bations. Pseudomonas aeruginosa is the most common
pathogen and is usually treated with a combination of
an aminoglycoside and a b-lactam antibiotic, due to
their synergistic activity. Tobramycin is the amino-
glycoside of choice, since it shows good activity
against P. aeruginosa and has relatively low toxicity.
It is usually administered as 10 mg?kg-1?day-1 in
three equal daily doses. It9s pharmacodynamic and
pharmacokinetic properties, however, suggest that
once-daily (o.d.) administration would be more
effective and less toxic; bactericidal effects depend
on peak drug concentration achieved [1], toxicity is
related to the amount of drug that accumulates in
susceptible end organs [2] and saturation of binding
sites during o.d. administration may reduce tissue
accumulation [3].

In non-CF patients, meta-analysis has shown that
o.d. administration is at least as effective and no
more toxic than thrice-daily (t.i.d.) administration [4].
These data cannot be extrapolated to patients with
CF for several reasons. 1) Aminoglycosides in patients
with CF display a larger volume of distribution and
a shorter elimination half-life [5, 6]. Plasma drug
concentrations will fall more rapidly due to the latter
giving a longer period at the end of the dosing

interval, when concentrations are below the minimal
inhibitory concentration. This may allow greater
regrowth of bacteria. 2) Target serum aminoglycoside
concentrations need to be higher in patients with
CF in order to achieve bactericidal activity against
mucoid strains of P. aeruginosa [5]. Higher doses are
therefore needed, typically y10 mg?kg-1?day-1 in CF
patients [7] and 3–5 mg?kg-1?day-1 in non-CF patients
[8] (Eli Lilly, Nebcin data sheet). As higher peak drug
concentrations are likely to occur in these circum-
stances, it is necessary to confirm that there is no
greater incidence of adverse events. 3) Typical courses
of treatment in CF last 12–14 days compared to
5–10 days in the studies of patients without CF
[4, 8]. The incidence of side-effects may also be higher
with longer courses. Patients with CF also undergo
repeated treatment courses.

The aim of this study was to test the equivalence
of o.d. administration of tobramycin with the usual
t.i.d. dosing regimen in adult patients with CF and
an acute respiratory exacerbation. For the equivalence
trial, the null hypothesis was that the new treatment
would be worse than the standard (defined here as
below the tolerance limit of -10%) and the alternative
hypothesis was that the two treatments would be
equivalent. The treatments were compared for safety
and efficacy.
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Methods

Study subjects

All patients with chronic P. aeruginosa infection
and an acute respiratory exacerbation whose most
recent sputum sample showed sensitivity to tobra-
mycin and a b-lactam antibiotic, were invited to
enter the study over a 17-month period. Antibiotic
resistance was assessed by the Stokes9 disc diffusion
method. Sixty patients were recruited. The diagnosis
of CF in each case was confirmed by two abnormal
sweat tests or by identification of two CF transmem-
brane regulator gene mutations.

An acute infective pulmonary exacerbation was
defined by at least four of the following: increased
sputum volume; a change in sputum colour, measured
on a scale from clear to dark green; increased cough;
aw10% fall in respiratory function (forced expiratory
volume in one second (FEV1)); decreased exercise
tolerance; and decreased appetite or loss of weight.
Patients who were either colonized with Burkhol-
deria cepacia or Stenotrophomonas maltophilia or
had been treated with additional antibiotics in the
previous month were excluded from the study.

Study design

Patients were randomized, using a random number
table, to receive either 10 mg?kg-1?day-1 tobramycin
o.d. (n=34) or 3.3 mg?kg-1 tobramycin t.i.d. to the
nearest 20 mg (n=26), and a b-lactam antibiotic
(either piperacillin 4 g t.i.d., tazocin 4.5 g t.i.d.,
aztreonam 2.5 g t.i.d., azlocillin 5 g t.i.d., imipenem
1.5 g t.i.d., meropenem 2 g t.i.d. or ceftazidime
200 mg?kg-1?day-1 in three equally divided doses),
according to sensitivity results. There was no imba-
lance between the two treatment groups in patient
age (o.d. mean 21 yrs (range: 16–32) versus t.i.d. mean
22 yrs (15–47)), weight (55.3 kg (40–73) versus 54.0 kg
(38.5–76)), Northern chest radiograph score (11 (5–16)
versus 15 (5–16)) [9], and Shwachman-Kulczycki score
(75 (45–90) versus 70 (45–90)) [10]. The o.d. group
had a higher, but not clinically significant, mean
C-reactive protein (CRP) level (39 mg?L-1 (10–131)
versus 35 mg?L-1 (10–233), p=0.02). Treatment was
given for 12 days in hospital. At entry patients,
were asked if they would prefer an o.d. or t.i.d.
regimen, assuming equal efficacy, which did not affect
randomization.

Efficacy was assessed by comparing the baseline
and post-study measurements of: primary endpoints,
FEV1 % predicted, forced vital capacity (FVC) and
forced mid-expiratory flow (FEF25–75%), and the
secondary endpoints, CRP, peripheral white blood
cell count and percentage neutrophil count, body mass
index (BMI), and clinical score [11]. Renal toxicity,
caused by the treatment, was assessed by changes in
serum creatinine, potassium and magnesium concen-
trations. Ototoxicity was assessed by baseline and
post-treatment audiograms, with frequencies between
1,000–8,000 Hz. The audiologist was blinded to the
patient9s treatment regimen. Because of the logistical

difficulties and likely inaccuracies involved in per-
forming audiograms in acutely ill patients, baseline
audiograms were obtained during routine outpatient
visits before admission. Post-treatment audiograms
were performed o2 weeks after the end of treatment.
The pure tone audiogram was performed using a
Kamplex AD17 diagnostic (Interacoustics, Assens,
Denmark/PC Worth, London, UK; calibrated yearly
to the required British Standard) and a Modified
Hughson Westlake method, performed to the British
Society of Audiology standard. Hearing impairment
was defined as a bilateral change at o2 frequencies
of 15 dB or o1 frequency of 20 dB. Patients were
questioned about any new symptoms of dizziness,
vertigo and tinnitus on days 1, 7, and 12.

Tobramycin administration and level sampling

It is common practice in the UK to administer
divided doses either as a bolus or as a 30-min infusion.
A longer infusion period was used for the o.d. regimen
to reduce the influence of the distribution phase,
by allowing the drug to distribute within the tissue
compartment as rapidly as it was being administered
[12]. The o.d. and t.i.d. doses were administered over
60 and 30 min, respectively, in 50 mL NaCl (0.9%).

Tobramycin levels were determined by immuno-
assay using the Abbott AxSym (Abbott Laboratories,
Maidenhead, UK). Calibration and controls were
performed in accordance with the manufacturer9s
guidelines and laboratory protocols. In the t.i.d.
group, tobramycin levels were taken 30 min after
the end of the fourth or fifth dose and immediately
before the subsequent dose. The exact time of sample
collection was noted. Target peak and trough levels
were 10–12 mg?L-1 andv2 mg?L-1, respectively.

There is no uniform method of monitoring amino-
glycoside concentrations to ensure optimum efficacy
and safety with o.d. dosing [13]. PRINS et al. [8] gave
divided doses of gentamicin and o.d. therapy as
30-min infusions, with peak concentrations sampled
30 min after complete administration. SAWCHUK et al.
[14] administered gentamicin over 60 min, with sam-
pling at 0, 1 and 3 h postcompletion. In the absence
of a clear consensus, a common sense approach was
applied to ensure that distribution was complete when
samples were drawn and that the rate of concentra-
tion decline this measured was a reflection of renal
elimination. The basis of this study was to define the
individual pharmacokinetic parameters of the elimina-
tion rate constant (k) and the volume of distribution.
This is most accurate when distribution is complete. If
samples had been drawn early, estimates of k would
have been falsely elevated.

To the best of the authors9 knowledge, until now,
the distribution time for 10 mg?kg-1 of tobramycin
has not been defined in an adult population with CF.
Therefore, a cautious approach was used to obtain
more reproducible results. The peak sample in the o.d.
group was taken 60 min after the end of the 60-min
infusion so that the drug had fully completed the
distribution phase and begun the elimination phase.
A second sample was taken 5 h after the first sample.
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To ensure that there was no serum tobramycin
accumulation, the data were extrapolated to estimate
the time when tobramycin serum concentrations fell
to 1 mg?L-1. From the two measured serum concen-
trations in both groups, k and mean elimination
half-life were calculated using a one-compartment
model with a modified two-point Sawchuk-Zaske
method (see Appendix) [15]. Serum tobramycin
concentration monitoring was repeated in the second
week of treatment.

Statistical analysis

The effect of each treatment schedule was tested
by comparing day 12 results with baseline, using the
paired t-test (confirmed by the Wilcoxon matched-
pairs signed-rank test when normality was in doubt)
separately for each group. The percentage changes
for each patient were calculated and summarized
for each group. The size of the treatment effect was
estimated as the difference between the means for
the two groups, with SE and 95% confidence intervals
(CI). For variables where a change in one direction
corresponded to an improvement, a one-sided CI
was given. For serum concentrations where too large
a change in either direction would be unsafe, a two-
sided CI was given.

The two groups were compared using a test for
equivalence. To test equivalence, the largest accepta-
ble difference in outcome (change from baseline)
between the groups was ¡10% of baseline. A total
sample size of 206 patients was required to reject
this difference in improvement in FEV1 (admission
mean=1.72 L, mean change=0.29 L, SD=0.38 L, from
previous data for t.i.d. treatment) between unpaired
groups with a power of 90% at the 2.5% significance
level (one-sided test). A total sample size of 92
patients would be needed to test equivalence if the
largest acceptable difference in outcome between the
groups was ¡15%. The two-sample t-test was used,
confirmed by the Mann-Whitney U-test when nor-
mality was in doubt. This compared the null hypo-
thesis that the mean percentage change with o.d.
treatment would be worse than with t.i.d. treatment,
with the alternative hypothesis that o.d. dosing would
be equivalent or better.

A one-sided t-test was used for variables where a
change in one direction corresponded to an improve-
ment. For serum concentrations where too large a
change in either direction would be unsafe, two one-
sided t-tests were used with null hypotheses corre-
sponding to each of the tolerance limits (z10% and
-10%). For consistency with the CIs, a p-value of
0.025% was regarded as the cut-off for significance.
The study was approved by the hospital ethical
committee and written informed consent was obtained
from patients.

Results

There was a significant increase in FVC, FEV1 and
FEF25–75% % pred and BMI. A significant fall was

also seen in clinical score, peripheral blood white cell
and % neutrophil count, and CRP level in both
treatment groups. There was no clinically significant
change in serum potassium, magnesium or creatinine
levels (table 1). Equivalence (i.e. that o.d. administra-
tion of tobramycin was at least as effective and/or as
safe as t.i.d. administration) was demonstrated in
FVC % pred, BMI, serum potassium and magnesium,
and CRP levels. The conclusion of equivalence for
magnesium level was based on the Mann-Whitney
U-test, since the distribution for o.d. was skewed by
outliers. There was insufficient power to demonstrate
equivalence for the variables FEV1 and FEF25–75% %
pred, clinical score, peripheral white blood cell and %
neutrophil count, and serum creatinine level (table 2).

No patients in either group reported symptoms of
dizziness, vertigo, or tinnitus. The logistics of audio-
metry meant that only 18 patients in the o.d. group
and 10 patients in the t.i.d. group were tested. One
patient in each group fulfilled the criteria for hearing
impairment.

Sixty patients were entered into the study. Thirty-
four were randomized to the o.d. and 26 to the t.i.d.
regimen. Eleven patients (four from the o.d. group and
seven from the t.i.d. group), were withdrawn. Eight
patients (four o.d. group, four t.i.d. group) were
withdrawn due to the development of P. aeruginosa
resistance to tobramycin in sputum, sampled during
the study. One patient (t.i.d. group) was withdrawn
when intravenous colomycin was prescribed con-
currently and the dose of tobramycin was therefore
reduced. Two patients refused to continue on a t.i.d.
regimen. Thirty patients received o.d. and 19 t.i.d.
tobramycin. Seventy-eight per cent of patients said
they would prefer an o.d. regimen, 6% a t.i.d. regimen,
and 16% had no preference. There was no signifi-
cant difference in the prevalence of respiratory tract
infection with Staphylococcus aureus between the
two groups (19 (63%) patients in the o.d. group and
13 (68%) patients in the t.i.d. group). In the t.i.d.
group, mean tobramycin dose was 10.3 mg?kg-1?day-1.
Five patients needed a dose adjustment. Three
had high peaks (12.6, 13.1 and 17.4 mg?L-1) requir-
ing a decreased dose, and two had high troughs (2.1
and 2.2 mg?L-1) requiring a change to twice-daily
dosing. In the second week, two patients needed a
dose adjustment. Both had high troughs (2.2 and
2.3 mg?L-1).

In the o.d. group, the mean dose was 9.7 mg?kg-1.
No patients needed dose adjustments in either the first
or second weeks. There was no statistical difference
between the first and repeat levels in either the t.i.d.
or o.d. groups. Details of the pharmacokinetic para-
meters are shown in table 3.

Discussion

Patients in both treatment groups showed signi-
ficant clinical improvement. o.d. treatment with
tobramycin was shown to be equivalent to t.i.d.
dosing for changes in mean FVC % pred, BMI,
and CRP levels. To the authors9 knowledge, there is
no previous clinical study of o.d. administration of
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Table 1. –Within group summaries and tests

Day 0 Day 12 Change Within group

n mean SD n mean SD n mean SD Paired
t-test

Wilcoxon Conclusion

BMI o.d. 24 19.8 2.4 25 20.3 2.3 24 0.542 0.571 0.00001 I
t.i.d. 17 19.9 2.5 13 20.2 2.64 13 0.537 0.736 0.004 I

FVC % o.d. 30 56.6 19.9 30 71.2 20.3 30 14.3 14.8 0.000004 0.000004 I
t.i.d. 18 66.1 23 16 80.7 22.4 16 12.2 14.2 0.0004 0.0006 I

FEV1 % o.d. 30 40.3 16.6 30 50.8 20.3 30 10.1 12.3 0.00004 0.000005 I
t.i.d. 18 47.9 20.8 16 59.5 23 16 9.66 11.3 0.0005 0.0009 I

FEF25–75% o.d. 30 20.8 14.5 30 26 21.9 30 5.15 12.1 0.020 0.017 I
t.i.d. 18 24.8 15.6 16 32.3 22.1 16 6.39 10.6 0.009 0.011 I

Score o.d. 29 8.24 2.44 21 4.26 2.54 21 -3.96 2.99 0.000002 0.00003 D
t.i.d. 18 8.44 3.48 9 4.14 3.06 9 -3.86 2.38 0.00004 0.001 D

WCC o.d. 29 11.3 3.1 25 8.61 2.75 25 -2.31 3.38 0.001 0.0005 D
t.i.d. 18 10.2 4.66 14 6.28 1.41 14 -4.27 4.51 0.0006 0.0003 D

Neut. % o.d. 28 72.9 8.79 25 62.6 11.6 25 -10.6 14.2 0.001 D
t.i.d. 18 73.8 8.63 14 61.3 7.13 14 -12.3 10.0 0.0005 D

CRP o.d. 29 39.2 31.3 23 13 6.12 23 -24.0 28.0 0.0003 0.0003 D
t.i.d. 17 35.7 57.5 15 13.7 12.2 15 -25.5 56.2 0.051 0.002 D

Potassium o.d. 28 4.13 0.29 27 4.28 0.344 27 0.160 0.395 0.035 I
t.i.d. 18 4.17 0.384 15 4.25 0.363 15 0.119 0.413 0.202 NC

Magnesium o.d. 25 0.8 0.0913 23 0.8 0.106 23 -0.0129 0.102 0.572 NC
t.i.d. 16 0.806 0.0562 12 0.783 0.0677 12 -0.0264 0.0537 0.135 NC

Creatinine o.d. 29 67.2 12.2 27 69.6 16.9 27 3.67 12.9 0.131 0.156 NC
t.i.d. 18 69.9 17.5 15 65.4 15.7 15 -0.571 15.9 0.871 0.889 NC

BMI: body mass index; o.d.: once-daily; t.i.d.: thrice-daily; FVC: forced vital capacity; FEV1: forced expiratory volume in
one second; FEF25–75%: forced mid-expiratory flow; Score: clinical score; WCC: white cell count; Neut.: neutrophil count;
CRP: C-reactive protein; I: increased; D: decreased; NC: no change.

Table 2. –Between group comparisons and equivalence tests

n % change Estimate of effect size
(treatment difference)

p-value for equivalence
(within 10%)

Conclusion
(a=0.025)

mean SD mean SE 95% CI t-test Mann-
Whitney

BMI o.d. 24 2.85 3.09 -0.007 0.978 -1.65–‘ v0.000001 Eq.
t.i.d. 13 2.85 3.86

FVC % o.d. 30 32.6 43 9.39 10.31 -7.86–‘ 0.033 0.013 Eq.
t.i.d. 16 23.2 29

FEV1 % o.d. 30 29.5 36.9 3.94 9.48 -11.9–‘ 0.340 0.385 NS

t.i.d. 16 25.5 31.8
FEF25–75% o.d. 30 26.2 44.3 1.18 11.3 -17.8–‘ 0.164 NS

t.i.d. 16 25 37.7
Score o.d. 21 -47.4 29.7 4.01 9.95 -‘–20.8 0.276 NS

t.i.d. 9 -51.4 28.6
WCC o.d. 25 -18 27.7 12.78 8.11 -‘–26.4 0.633 0.540 NS

t.i.d. 14 -30.8 26.2
Neut. % o.d. 25 -13.4 17.9 2.29 5.52 -‘–11.6 0.085 0.159 NS

t.i.d. 14 -15.7 13.4
CRP o.d. 23 -45.3 38.8 -19.5 11.0 -‘–-1.09 0.005 0.002 Eq.

t.i.d. 15 -25.8 34.1
Potassium o.d. 27 4.28 9.91 0.873 2.82 -4.80–6.55 0.0002 and 0.001 Eq.

t.i.d. 15 3.4 9.93
Magnesium o.d. 23 -1 13.4 2.29 4.32 -6.54–11.11 0.004 and 0.042 0.004 and 0.007 Eq.

t.i.d. 12 -3.29 6.69
Creatinine o.d. 27 5.45 18.4 4.55 6.43 -8.4–17.5 0.014 and 0.200 0.004 and 0.200 NS

t.i.d. 15 0.898 27.6

CI: confidence interval; ‘: infinity; BMI: body mass index; o.d.: once-daily; t.i.d.: thrice-daily; FVC: forced vital capacity;
FEV1: forced expiratory volume in one second; FEF25–75%: forced mid-expiratory flow; Score: clinical score; WCC: white cell
count; Neut.: neutrophil count; CRP: C-reactive protein; Eq.: equivalent; NS: not significant.
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aminoglycosides in CF that describes nephrotoxicity
[16–24]. There was no significant change in serum
creatinine or magnesium with treatment in either group
in this study. There was a small but clinically insigni-
ficant rise in serum potassium in the o.d. group. o.d.
treatment was equivalent to t.i.d. dosing for changes in
mean serum potassium and magnesium levels.

Patients with CF are at risk of aminoglycoside
ototoxicity due to high total drug dose, long duration
of therapy, high antibiotic serum concentrations,
and previous therapy with ototoxic drugs [25]. Only
one out of 18 patients tested from the o.d. group
and one out of 10 patients from the t.i.d. group had
an impaired audiogram after treatment. The present
results must be viewed with caution since not all the
patients in the study were tested. Aminoglycoside
antibiotics affect high frequency hearing (15,000–
20,000 Hz) before lower frequencies (1,000–8,000 Hz).
The study was not designed to detect changes to the
high frequencies. Two previous studies in CF patients
reported vestibular toxicity with the highest peak
drug concentrations [22, 23]. The potential for very
high peak concentrations with o.d. dosing was mini-
mized in the study by extending the duration of
administration of tobramycin from 20–60 min. Vesti-
bular toxicity was assessed by the use of a symptom
questionnaire and was not found in either group.

Aminoglycosides are the most commonly pre-
scribed antibiotics for treatment of respiratory exacer-
bations in patients with CF [26]. An audit of antibiotic
usage in the unit found that 40% of treatment
courses included an aminoglycoside. Efficacy is

concentration-dependent. The higher peak serum
aminoglycoside levels achieved with o.d. dosing
should be more effective [1]. The greater drug-free
period with o.d. dosing should reduce toxicity, because
it allows tissue drug concentration to fall. Greater
convenience for patients and staff, and cheaper
therapeutic drug level monitoring are further advan-
tages of o.d. administration.

The number of CF patients receiving treatment at
home is increasing [27]. In addition, an o.d. antibiotic
dose regimen is less disruptive to normal life. There-
fore, despite the lack of evidence to support the
efficacy and safety of an o.d. regimen and the lack
of a validated method of monitoring plasma drug
concentrations, some CF centres have introduced
its use into routine practice for home intravenous
antibiotic programmes. Efficacy and safety data are
therefore needed. WOOD et al. [28] found a twice-daily
tobramycin dosing regimen in nine adult patients
with CF showed equal efficacy to, and less ototoxicity
than, a t.i.d. regimen in 20 matched patients. They
suggested that higher target peak levels might be
achieved and interdose intervals increased, but that
this would require further prospective studies.

In non-CF patients, o.d. administration of amino-
glycosides is as effective and less nephrotoxic than
t.i.d. administration [4]. An o.d. regimen in these
patients is simplified by a validated plasma concentra-
tion monitoring nomogram [29]. The use of amino-
glycosides in CF differs with the size of the doses used.
Even taking into account the larger volume of
distribution, a 10 mg?kg-1 dose is likely to produce a
higher maximum concentration than the lower doses
used in non-CF patients. Most CF patients also have
longer and multiple courses of treatment. Treatment
in non-CF patients is usually a single course. There-
fore, confirmation was needed that these differences
would not result in a greater incidence of side-effects.

There is no validated method for drug-level moni-
toring of o.d. aminoglycosides in CF, although the
principles of monitoring treatment remain the same as
for t.i.d. administration. Peak concentration must be
high enough to ensure efficacy and the trough concen-
tration must be low enough to avoid accumulation.

Pharmacokinetic studies in CF show that the elimi-
nation half-life is y2 h [30]. Assuming first-order
pharmacokinetics, tobramycin concentrations will
fall below 1 mg?L-1 after six half-lives, leaving a
period ofy12 h when there are sub-inhibitory plasma
concentrations. The in vitro postantibiotic effect for
tobramycin is only y3–4 h [31]. The in vivo post-
antibiotic effect duration is reported to be 3–8 h for
P. aeruginosa [32], but may decrease after subsequent
doses. Thus, there is a possibility that bacterial
regrowth will reduce the efficacy of treatment.

The pharmacokinetic results in this study showed a
mean elimination half-life of 1.9 h. This value was the
same for both groups and did not change between the
first and second week. The mean estimated time at
which the serum drug concentration fell to¡1 mg?L-1

in the o.d. group was 11.4 h after the start of the
infusion, leaving a 12-h period at the end of the dosing
interval when the serum drug concentration was very
close to zero. This "drug-free interval" is an important

Table 3. –Pharmacokinetic parameters

Mean Confidence limit

-95% z95%

Once-daily group
60-min level mg?L-1 19.9 16.9 23.0
6-h level mg?L-1 2.7 2.0 3.5
Time when level equaled

1 mg?L-1 h
10.4 7.9 12.9

k h-1 0.36 0.32 0.40
Half-life h 1.9 1.7 2.2
Maximum tobramycin
level mg?L-1

29.1 24.5 33.7

Repeat 60-min level mg?L-1 25.6 19.5 31.7
Repeat 6-h level mg?L-1 3.3 2.2 4.5
Time when level equalled

1 mg?L-1 h
9.9 6.7 13.2

k 0.38 0.32 0.44
Half-life h 2.0 1.5 2.4
Maximum tobramycin

level mg?L-1
41.0 29.9 52.2

Twice-daily group
Peak level mg?L-1 10.5 8.9 12.1
Trough level mg?L-1 1.3 1.1 1.6
k h-1 0.37 0.34 0.40
Half-life h 1.9 1.7 2.0
Repeat peak level mg?L-1 9.3 8.0 10.6
Repeat trough level mg?L-1 1.3 0.9 1.7
k 0.36 0.28 0.44
Half-life h 2.0 1.5 2.5

k: elimination rate constant.
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goal of o.d. administration of aminoglycosides, as
reduced drug tissue accumulation provides a theo-
retical reason for reduced end-organ toxicity. It
also allows any bacterial adaptive resistance to be
overcome. During this 12-h drug-free interval the
postantibiotic effect may not fully compensate for
the low drug concentrations. The period at the end of
the dosing interval without either antibiotic activity
or postantibiotic effect did not appear to have any
clinical implications in this study. It may not be
significant, as treatment with aminoglycosides in CF is
usually accompanied by a second antibiotic.

In conclusion, this is the first study to evaluate
the efficacy and toxicity of once-daily tobramycin in
adult patients with CF using a dose of 10 mg?kg-1.
It reports the largest population with CF in whom
once- versus thrice-daily aminoglycoside therapy has
been compared. The study represents the maximum
number that could be recruited at an adult centre,
serving about 250 patients. This single-centre study
suggests that the two treatment regimens are equally
effective and safe in the treatment of Pseudomonas
aeruginosa respiratory exacerbations in adult patients
with cystic fibrosis. The null hypothesis that once-
daily treatment may be worse than thrice-daily treat-
ment for all the prescribed endpoints, could not be
rejected because of insufficient power. Therefore,
before once-daily dosing can be fully recommended,
large multicentre studies are needed to substantiate
these results. There is also a need for a validated
nomogram in once-daily aminoglycoside treatment
regimens, to maximize efficacy and minimize toxicity.

Appendix: formulae

Elimination rate constant (k(h-1)):

k~
ln(C1) � ln(C2)

TI
ð1Þ

Elimination half-life (tK (h)):

tK~
0:693

k
ð2Þ

Estimated time when serum tobramycin concentra-
tion is 1 mg?L-1:

ln(C1)

k
ð3Þ

Estimated concentration at the end of the 60-min
infusion (o.d. group):

C1ek ð4Þ
where C1 is the measured serum tobramycin concen-
tration 60 min after the end of the infusion, C2 is the
measured serum tobramycin concentration 5 h after
C1 and TI is the time interval between samples (h).
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