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ABSTRACT: A prospective randomized study was performed in order to compare the
efficacy of oral levofloxacin, a new S- isomer of ofloxacin, with intravenous cefta-
zidime in the empirical treatment of acute exacerbations of bronchiectasis.

Consecutive patients with acute exacerbation of bronchiectasis were recruited at a
tertiary referral centre and were randomized to receive 10 days' treatment with either
oral levofloxacin (300 mg b.i.d.) or ceftazidime (1 g i.v. t.i.d.). Body temperature, cough
score, dyspnoea score, sputum purulence and volume and white blood cell and
neutrophil count were assessed on day 1 and day 10.

Thirty-five patients (mean age 61 yrs, 15 males) completed the study; 17 of these
were in the levofloxacin group. There was no significant difference in the distribution
of sputum pathogens or clinical parameters between the two groups at entry to and
completion of the study. Both groups of patients showed significant improvement in
24-h sputum volume, sputum purulence score, cough score and dyspnoea score
(p<0.001) but there was no significant difference between these two groups at entry to
or on completion of the study (p>0.05).

The results of this study suggest that oral administration of levofloxacin is as
effective as parenteral ceftazidime in the empirical treatment of exacerbations in
bronchiectasis.
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Bronchiectasis is a common respiratory disorder am-
ongst the Chinese and affected patients suffer from chronic
sputum production, recurrent exacerbations and, in some
cases, progressive lung destruction. Whilst the pathogen-
esis of bronchiectasis clearly includes infective and in-
flammatory elements [1] and it has recently been shown
that inhaled fluticasone therapy is effective in reducing
airway inflammation [2], antibiotic therapy remains the
mainstay of treatment in exacerbations. Pseudomonas ae-
ruginosa constituted 25±50% of sputum bacterial isolates
in Hong Kong [3], rendering most b-lactam antibiotics
theoretically ineffective. Standard agents directed against
Pseudomonas, such as ceftazidime, aminoglycosides and
imipenem, however, require parenteral administration.
Ceftazidime is a broad-spectrum third-generation cepha-
losporin, which is effective in exacerbations of cystic
fibrosis (CF) and non-CF bronchiectasis [4] and is active
against P. aeruginosa isolates in vitro [5]. Levofloxacin is
a new oral fluoroquinolone, which is active against many
respiratory pathogens including Streptococcus pneumo-
niae, Staphylococcus aureus, Branhamella catarrhalis,
Haemophilus influenzae and P. aeruginosa [5, 6]. A
randomized prospective study was performed in order to
compare the efficacy of oral levofloxacin with that of in-
travenous ceftazidime in the treatment of acute exacerba-
tions of bronchiectasis.

Materials and methods

Patient recruitment and assessment

Consecutive patients admitted to Queen Mary Hospital
for treatment of acute exacerbation of bronchiectasis were
recruited with written consent, in a block-randomized
prospective fashion, between June 1996 and December
1997 to receive either intravenous ceftazidime (1 g t.i.d.) or
oral levofloxacin (300 mg b.i.d.) for 10 days. Inclusion
criteria included: age $21 yrs, high-resolution computed
tomography (HRCT)-proven bronchiectasis, and evidence
of exacerbation defined as a "subjective and persistent
($24 h) deterioration in at least 3 respiratory symptoms
including cough, dyspnoea, haemoptysis, increased spu-
tum purulence or volume, and chest pain; with or without
fever ($ 37.58C), radiographic deterioration, systemic dis-
turbances, or deterioration in chest signs including crackles
and dullness on auscultation and percussion respectively
[2]". Exclusion criteria included: known allergy to cepha-
losporins or quinolones, antimicrobial treatment within
72 h prior to treatment immunosuppression due to drug
treatment and/or diseases (e.g. haemic malignancies) and
the presence of other unstable nonrespiratory diseases.

Patients were followed-up until they reached their ste-
ady state after treatment (defined as no significant changes
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in respiratory symptoms and signs and sputum volume for
>3 weeks without any alteration in medications or spiro-
metry results ((forced expiratory volume in one second
(FEV1) and forced vital capacity (FVC))). The number of
exacerbations in the preceding 12 months was determined
for each patient by meticulous history taking and clinical
chart review. The number of bronchiectatic lung lobes was
determined by using thin-section HRCT within 12 months
before the study [7]. The aetiology of bronchiectasis was
determined after history taking, examination and inves-
tigations including nasal respiratory ciliary beat frequen-
cy assessment [8].

Clinical assessment

Clinical response was assessed daily by a research phy-
sician (W-M. Chan) who was blind to the treatment pro-
tocol, between 10:00 and 11:00 on day 1 and on day 10,
before the morning session of the twice-daily physiother-
apy sessions. Patients were asked to score severity of
cough as 0, 1, 2, 3 or 4 corresponding to no, very mild,
mild, moderate and severe cough respectively, using a
visual analogue chart [3]. Dyspnoea score was assessed
similarly [3]. Patients were withdrawn if there was failure
to improve clinically (defined as no change in the clinical
or sputum score compared with day 1) or deterioration
(defined as deterioration in original respiratory symptom
or sputum scores, or the emergence of new respiratory
symptoms).

Sputum assessment

The volume of a 24-h sputum specimen was determined
as described previously [2]. Sputum purulence score was
determined as the highest score from three random ali-
quots selected from the centre of a 24-h specimen, and
expressed as 0, 1, 2, 3, 4, 5 and 6 corresponding to no,
transparent, opaque and milky white, grey, pale green,
moderately green and dark-green sputum respectively [9].
After the clinical assessment, as described above, patients
received chest physiotherapy (expectoration-aiding man-
oeuvres performed until no further sputum was obtained)
before fresh sputum was collected by the research phy-
sician. Standard microbiological procedures were per-
formed on day 1 and on day 10 (except when there was no
sputum), to identify all of the sputum bacteria and classify
them into pathogenic (P. aeruginosa, H. influenzae, S.
pneumoniae, Staphylococcus aureus and Mycobacter-
ia) and nonpathogenic bacteria (Neisseria, a-haemolytic
streptococci, diphtheroids and coagulase-negative sta-
phylococci) [3]. The sensitivity of the isolates was deter-
mined by means of the disc diffusion method and
interpreted according to the National Committee for Cli-
nical Laboratory Standards [10].

Statistical analysis

Study size estimation was performed using changes in
24-h sputum volume as the main outcome parameter. As-
suming that a two-fold change in sputum volume was of
clinical significance, and assuming a type I error of 0.05
and accepting a type II error of 0.2 (power of 0.8), a
minimum of 17 subjects was needed in each group. The
clinical parameters of the patients on day 1 and on day 10

were compared using the Statistical Analysis Software
system, between the two study groups using unpaired t-
tests and Wilcoxon rank sum tests for continuous and
ordinal data respectively. A p-value <0.05 was taken as
significant.

Results

Patient demography and clinical features

The demographic and clinical features of the patients are
shown in table 1. Between June 1996 and December
1997, 37 patients were recruited and 35 completed the
study. Eighteen and 17 patients received ceftazidime and
levofloxacin respectively. One patient was withdrawn
from the ceftazidime group (day 3) and one from the
levofloxacin group (day 6) due to clinical deterioration
and severe haemoptysis respectively. Among patients
who were not withdrawn, three in the ceftazidime group,
reported mild symptoms, namely dizziness and dyspep-
sia, and four in the levofloxacin group, namely dizziness,
insomnia and mild skin rash. There was no significant
difference in age, sex distribution, steady-state spirometry
results, number of lobes affected by bronchiectasis or
exacerbation frequency between the two treatment groups
(p>0.05). The aetiology of bronchiectasis was determined
for the ceftazidime and levofloxacin groups as idiopathic
(n=11 and 10 respectively), post-tuberculous (n=4 and 5
respectively) and post-pneumonic (n=3 and 2 respec-
tively).

Sputum and clinical assessment

There was no significant difference in all clinical pa-
rameters between the ceftazidime and levofloxacin group
on entry to the study (tables 1 and 2). Patients in both
groups improved, with falls in body temperature, white
blood cell count, neutrophil count, sputum parameters
and symptom scores. There was no difference in the

Table 1. ± Demographic and clinical features of patients
on entry into the study

Ceftazidime
group

Levofloxacin
group

Subjects n 18 17
Age yrs 59�15 63�9
Sex F/M 12/6 8/8
Steady-state of FEV1 L 0.95�0.42 0.89�0.41

% pred 49�22 41�16
Steady-state FVC L 1.57�0.61 1.54�0.61

% pred 58�17.81 52.56�17.46
Exacerbations n.yr-1 3.1�2.8 2.1�1.6
Lung lobes affected by bron-

chiectasis n
3.2�1.7 3.7�1.2

Current medication n
Inhaled bronchodilators 11 15
Nebulized aminoglycosides 4 2
Inhaled steroid 6 4
Aminophylline 2 2
Diuretic 2 2

Data are presented as mean�SD. F: female; M: male; FEV1:
forced expiratory volume in one second; FVC: forced vital
capacity. There was no significant difference between the two
groups (p<0.05).
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treatment effects between the two groups in clinical and
sputum parameters on study completion. P. aeruginosa
and H. influenzae were the most frequently isolated
sputum pathogens. One pathogen in each of the two
groups was resistant to the respective antibiotics (Myco-
bacterium chelonei in the ceftazidime and P. aeruginosa
in the levofloxacin group). Eradication of respiratory pa-
thogens from sputum was achieved in 69 and 57% of
ceftazidime- and levofloxacin-treated cases. The clinical
response to treatment was similar between the two treat-
ment arms (table 2).

Discussion

The results of this prospective randomized study show
that, in patients who had acute exacerbations, improve-
ments in body temperature, 24-h sputum volume, sputum
purulence, cough and dyspnoea were similar with empi-
rical intravenous ceftazidime and oral levofloxacin therapy
(table 2). P. aeruginosa and H. influenzae were the com-
monest pathogens isolated in sputum on entry into the
study (table 2) [3, 11]. Eradication of respiratory patho-
gens from sputum was achieved in 69 and 57% of
ceftazidime- and levofloxacin-treated cases. As reported
in previous studies, a substantial proportion of the pa-
tients (41%) did not have identifiable sputum bacterial
pathogens [3, 11].

Most intratracheobronchial bacteria are associated with
respiratory mucus rather than with the mucosa [12, 13].
The ratios between the levels of penicillins, cephalospor-
ins, aminoglycosides, tetracycline, macrolides and quino-
lones in respiratory secretions (sputum) to serum, which
are measures of antibiotic penetration into the target site,
are 2±6, 15±25, 20±30, 10±30, 10 and 90±100% respec-
tively [14]. As antibiotics generally penetrate poorly into
respiratory secretions, many bacteria in the respiratory
tract are likely to be exposed to less than the minimal

inhibitory concentration (MIC) of antibiotics during treat-
ment of an infective exacerbation. Although sub-MIC
antibiotics protect respiratory epithelium in its interaction
with respiratory pathogens such as H. influenzae [13] and
P. aeruginosa [15], it is conventional wisdom to try to
achieve supra-MIC at the target sites.

The empirical use of antibiotics, pending results of spu-
tum culture, is commonly practised in the treatment of
exacerbations in bronchiectasis. This choice of antibiotics
is usually tailored to the patient and with consideration of
local knowledge on the likely pathogens causing exacer-
bations in bronchiectasis. Sputum microbiology is well
defined in bronchiectatic and CF patients in the West with
H. influenzae one of the commonest bacteria to be isolated
from sputum followed by S. pneumoniae [11] although B.
catarrhalis [16], viruses [17] and, particularly, P. aerugin-
osa are also responsible in many cases [3]. Consequently,
b-lactams including amoxycillin/clavulanic acid [18]; ce-
phalosporins including loracarbef [19] and cefuroxime
[20], quinolones including ofloxacin [3]: and co-trimoxa-
zole [21] have been used either alone or in combination in
these situations. Ceftazidime is useful even as monothe-
rapy in the treatment of pulmonary infections in CF [4].

A recent systematic study on 100-steady state bronch-
iectatic patients showed that Pseudomonas aeruginosa and
Haemophilus influenzae were the pathogens isolated in the
sputum of 33 and 10% of cases in Hong Kong [22]. This
suggests that antibiotics active against Pseudomonas aer-
uginosa and Haemophilus influenzae should be consid-
ered as the initial empirical treatment pending the results
of sputum microbiological assessment in the authors'
locality. Effective agents therefore include ceftazidime,
aminoglycosides, imipenem and quinolones. The quino-
lones have distinct advantages over the former three
families as they are available in oral preparation and dem-
onstrate excellent penetration into tissue and particularly
bronchial secretions [6].

Table 2. ± Clinical response in patients on entry and on completion of treatment

Ceftazidime group Levofloxacin group

Day 1 Day 10 p-value* Day 1 Day 10 p-value+ p-value# p-value1

Body temperature 8C 37.5�0.6 36.8�0.4 0.0006 37.4�0.8 36.6�0.4 0.02 0.90 0.17
Total white cell count

109 cells.dL-1 11.2�3.4 7.0�1.7 0.0001 10.7�4.0 7.8�2.4 0.01 0.95 0.28
Neutrophil count

109 cells.dL-1 8.7�2.9 4.6�1.5 0.0001 7.7�3.4 5.3�2.5 0.02 0.73 0.40
24-h sputum volume mL 60 (40±80) 20 (5±30) 0.0002 72.5 (35±135) 16 (10±50) 0.002 0.64 0.53
Sputum purulence score 0±6 4 (3±5) 1 (1±3) 0.0007 3 (3±5) 1.5 (1±3) 0.03 0.17 0.44
Cough score 0±4 3 (1±3) 1 (1±1) 0.0005 2 (1±3) 1 (1±1) 0.002 0.97 0.37
Dyspnoea score 0±4 1 (1±3) 0.5 (0±1) 0.001 2 (1±3) 1 (0±1) 0.002 0.27 0.48
Sputum bacterial isolates n

Pseudomonas aeruginosa 6 4 4 2
Haemophilus influenzae 3 0 1 0
Acinetobacter 1 0 0 0
Mycobacterium chelonei 1 0 0 0
Branhamella catarrhalis 1 0 1 0
Staphylococcus aureus 0 1 1 2
Streptococcus pneumoniae 1 0 0 0
Xanthomonas pneumoniae 0 0 0 1
Commensals 5 13 9 11

Data are presented as median (interquartile range), mean�SD or n. *, +: day 1 versus day 10 for ceftazidime and levofloxacin groups
respectively using paired t-tests and Wilcoxon sign-rank tests as appropriate; #, 1: ceftazidime versus levofloxacin at day 1 and day 10
respectively using unpaired t-test and Wilcoxon rank-sum tests as appropriate.
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