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The life span of people with cystic fibrosis (CF) has increased
dramatically over the past 50 years. Many factors have
contributed to this improvement. Respiratory exacerbations of
CF lung disease are associated with the need for hospitalisation
and antibiotic treatment, reduction in the quality of life,
fragmented sleep and mortality. A number of preventive
treatment strategies have been developed to reduce the
frequency and severity of respiratory exacerbations in CF
including mucolytic agents, physiotherapy and exercise,
antibiotics, nutritional strategies, anti-inflammatory treatments
and vaccinations against common respiratory pathogens. The
evidence for each of these treatments and their potential impact
is discussed.
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D
ramatic improvement in survival from cystic
fibrosis (CF) has occurred over the past
50 years. The median survival of children

born in the 1990s is estimated to exceed 40 years,
and more than 85% of children will reach
adulthood and will require transition to adult CF
care.1 2 More than 90% of the mortality and most
of the morbidity from CF are related to the
consequences of suppurative lung disease. A
number of factors have been suggested to be
responsible for improved clinical outcomes for
people with CF, including improved management
of the neonatal complication meconium ileus,
introduction of more effective formulations of
pancreatic enzymes and aggressive nutritional
support, the advent of newer and more effective
mucolytic agents, airway clearance techniques,
antibiotic treatment regimens and the establish-
ment of centre-based care for patients with CF.3–5

These changes in management may also have
contributed to the reduction in the rate of decline
of lung function in both children and adults with
CF which have recently been reported.6 7

Respiratory exacerbations of CF lung disease
have been associated with increased mortality,8

hospitalisation (and the associated patient and
family dislocation), increased health costs,9 10 sleep
disturbance11 and reduced quality of life.12 Annual
rates of hospitalisation for patients with CF
attending individual CF centres in the USA range
widely from 4% to 78% of children with CF
(median ,35%) and from zero to 85% (median
,45%) of adults with CF.13 Most hospital admis-
sions were for treatment of respiratory exacerba-
tions, particularly the treatment of Pseudomonas
aeruginosa infection. The prevalence of P aeruginosa
in the USA in young children is approximately
30%, increasing to 80% in adults with CF.13

The management of chronic bacterial infection
and complicating respiratory exacerbations in
patients with CF is a major component of healthcare
delivery at paediatric and, particularly, adult CF
centres. Strategies to reduce the frequency and
severity of respiratory exacerbations are vital to
ensure continued advances in clinical outcomes.

This review summarises the evidence currently
available for therapeutic interventions which may
reduce the number or severity of respiratory
exacerbations for people with CF (online data
supplement available at http://thorax.bmj.com/
supplemental).

METHODS
The authors performed a search of the Cochrane
database of systematic reviews in May 2006 for
clinical intervention trials in patients with CF
focusing on mucolytic agents, physiotherapy, exer-
cise, antibiotics, anti-inflammatory and nutrition
support therapies, newborn screening and vaccina-
tions. Thirteen Cochrane reviews were identified and
are included in this review paper.14–26 The reference
lists of included and excluded studies in each of the
Cochrane reviews were also reviewed for RCTs which
addressed the above topics and included where
appropriate. A MEDLINE search was also performed
including the terms ‘‘cystic fibrosis’’, ‘‘systematic
reviews’’ and ‘‘clinical trials’’; any studies not
previously identified were analysed for evidence
with respect to respiratory exacerbations in CF.

Most of the studies cited in this review have not
explicitly studied either the frequency or severity
of respiratory exacerbations. Furthermore, the
definition of respiratory exacerbations is not
always provided and, where it is, different para-
meters have been applied. In recent large multi-
centre clinical trials, definitions are increasingly
being applied as reviewed by Goss and Burns.27

Most studies provide data regarding hospitalisa-
tion episodes, duration of hospitalisation (hospital
days), parenteral antibiotic episodes and/or the
duration of parenteral antibiotics. We have elected
to include these measures as estimates of respira-
tory exacerbations (frequency and/or severity)
when specific information is not available. Where
protocol definitions of exacerbations are given, this
is explicitly stated within this review.

PREVENTION OF RESPIRATORY
EXACERBATIONS
Mucolytic agents
The chronic endobronchial sepsis and profuse
airway secretions which dominate pulmonary

Abbreviations: CF, cystic fibrosis; FEV1, forced expiratory
volume in 1 s; FVC, forced vital capacity
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disease in CF make the use of mucolytic agents an appealing
treatment. Mucolytic agents given as part of chronic main-
tenance treatment could conceptually be hoped to be effective
in reducing acute exacerbations; however, until the last decade
there was little evidence of this benefit.

N-Acetylcysteine
In a review of inhaled N-acetylcysteine treatment published in
1999, Duijverstijn and Brand28 found no benefit on lung
function in short-term trials. Long-term trials have not been
conducted, and there is therefore no evidence that long-term
nebulised treatment with N-acetylcysteine is effective in
reducing the number of episodes or severity of respiratory
exacerbations in patients with CF.

Recombinant human deoxyribonuclease (rhDNase)
In 1994 Fuchs et al29 reported a randomised, double blind,
placebo-controlled study involving two dosing regimens (once
and twice daily) of rhDNase in 968 adults and children with CF.
The mean (SD) age of the participants was 18.7 (9.0) years
(range 5–54) with mean forced expiratory volume in 1 s (FEV1)
61% predicted and forced vital capacity (FVC) 78% predicted.
All patients received treatment for 24 weeks and the incidence
of respiratory exacerbations (defined by protocol) was con-
sidered a secondary efficacy end point of the trial. One or more
exacerbations occurred in 27% of patients given placebo, 22% in
the group receiving once daily rhDNase and 19% in the group
receiving twice daily rhDNase. The risk of an exacerbation was
reduced by 22% with rhDNase once daily (relative risk 0.78,
95% CI 0.57 to 1.06; p = 0.11) and by 34% with rhDNase twice
daily (relative risk 0.66, 95% CI 0.48 to 0.91; p = 0.01).
Compared with placebo, the administration of rhDNase once
or twice daily reduced the age-adjusted risk of respiratory
exacerbations by 28% (relative risk 0.72, 95% CI 0.52 to 0.98;
p = 0.04) and 37% (relative risk 0.63, 95% CI 0.46 to 0.87;
p,0.01) respectively.

In a similar study, Quan et al reported the use of rhDNase in a
96-week randomised, double blind, placebo-controlled multi-
centre international trial (PEIT study) involving 574 patients
(239 rhDNase and 235 placebo) from 49 CF centres.30 Children
aged 6–10 years with well preserved lung function (FVC .85%
predicted) were enrolled in the trial. The incidence of
respiratory exacerbations was a secondary efficacy end point.
rhDNase decreased the risk of respiratory exacerbations by 34%
compared with the placebo group (relative risk 0.66, 95% CI
0.44 to 1.00; p = 0.48). The time to first event analysis
(respiratory exacerbations defined by protocol) showed that
patients receiving rhDNase had a lower risk of exacerbations
throughout the 96-week study; 40 patients (17%) in the
rhDNase group had 62 respiratory exacerbations (28 in the
first 48 weeks and 34 after week 48) and 56 patients (24%) in
the placebo group had 92 exacerbations (47 in the first
48 weeks and 45 after week 48). The statistical significance of
these results was not reported in the paper.

There is no evidence that rhDNase is effective in preventing
pulmonary exacerbations in patients with severe or advanced
CF lung disease.31 A 12-week study examining the effect of
inhaled rhDNase in a group of 320 patients with advanced lung
disease (FEV1 ,40% predicted) showed that, while patients
receiving rhDNase had a statistically greater improvement in
FEV1 from baseline than those patients receiving placebo (9.4%
increase vs 2.1%; p,0.001), there were no differences between
treatment groups in dyspnoea score, number of days receiving
intravenous antibiotics or length of hospital stay.31

Shah et al reported a case-control study with rhDNase,
evaluating the impact of disease progression over a 4-year
period.32 Thirty-eight patients were divided into two groups—
those who received rhDNase and those who did not—and the

two groups were matched for pulmonary function, age and
gender. More respiratory exacerbations per patient-year were
occurred in the control group (3.13, 95% CI 1.25 to 4.25) than in
the recombinant rhDNase group (1.25, 95% CI 0.63 to 3.0,
p = 0.035) over the 4-year treatment period. Similarly, intrave-
nous antibiotic requirements were greater with a median use of
43.75 (17.5–60.0) days per patient in the control group
compared with 16.25 (8.5–44.0) days per patient in the
rhDNase group (p = 0.034).

These studies would suggest that rhDNase usage is effective
in reducing the short-term incidence of respiratory exacerba-
tions in patients with CF with mild to moderate lung disease.
The long-term impact of this reduction has not yet been
established, and no similar data exist as yet in children under
the age of 5 years.

Hypertonic saline
Inhaled hypertonic saline has been shown to increase muco-
ciliary clearance and, in short-term trials, to produce improve-
ments in lung function in people with CF.33 In a Cochrane
review of inhaled hypertonic saline therapy in CF, Wark and
colleagues examined the results from nine trials including a
total of 235 patients; however, none of these short-term trials
used respiratory exacerbations as a primary or secondary
efficacy end point.34 In a comparative crossover trial of
nebulised hypertonic saline with nebulised rhDNase, Suri
reported that 48 patients received, in random order, 12-week
treatments of either once daily rhDNase (2.5 mg), alternate day
rhDNase (2.5 mg) and twice daily 7% hypertonic saline
(5 ml).35 During hypertonic saline, daily rhDNase and alternate
day rhDNase treatments, 15, 18 and 17 children had one or
more pulmonary exacerbations. There was no evidence of
differences between treatments.35

Elkins et al have recently reported the results from a 1-year
double blind, parallel group trial of 164 patients with CF over
the age of 6 years who were randomised when clinically
stable.36 The mean age of the study participants was 18.5 years,
mean FEV1 was 74% predicted and FVC was 86% predicted.
Patients received either 7% hypertonic saline (4 ml) or 0.9%
physiological saline (4 ml) twice daily. In this study two
definitions of respiratory exacerbations were used. The first was
the clinical need for intravenous antibiotics as indicated by the
presence of 4 of 12 possible signs or symptoms including
change of sputum (volume or colour), new or increased
haemoptysis, increased cough, increased dyspnoea, malaise,
fatigue, lethargy, pyrexia (.38 C̊), anorexia or weight loss,
sinus pain or tenderness, change of sinus discharge, change of
findings on chest examination, decrease in pulmonary function
of .10% or radiographic changes of pulmonary infection. The
secondary definition consisted of the presence of any 4 of these
12 symptoms and signs regardless of any treatment subse-
quently given to the patient.

The hypertonic saline treated group had significantly fewer
respiratory pulmonary exacerbations (relative reduction 56%,
p = 0.02)) and a significantly higher percentage of patients
without exacerbations (76% compared with 62% in the control
group, p = 0.03). Fewer exacerbations requiring intravenous
antibiotic therapy were seen in the group treated with
hypertonic saline than in the control group. The mean number
of exacerbations per participant in the control group was 0.89
compared with 0.39 in the hypertonic saline group (p = 0.02).
The mean number of days in which participants met the
exacerbation definition was 17 days in the control group and
6 days in the hypertonic saline group. The interval during
which participants remained free of exacerbations was sig-
nificantly longer in the hypertonic saline group than in the
control group (p,0.001) with a 48-week exacerbation-free
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survival rate of 76% in the hypertonic saline group and 62% in
the control group.

When exacerbations were defined according to signs and
symptoms alone, regardless of resultant treatment, the results
again favoured the hypertonic saline group. The mean number
of exacerbations defined were 2.7 per participant in the control
group and 1.3 in the hypertonic saline group (mean difference
1.4, 95% CI 0.9 to 2.0; p,0.001). The mean number of days
during which participants met the criteria for a symptom-
defined exacerbation was 69 days in the control group and
22 days in the hypertonic saline group (mean difference
47 days, 95% CI 30 to 63; p,0.001). The time participants
remained free of exacerbations was significantly longer in the
hypertonic saline group with a 48-week exacerbation-free
survival rate of 41% in the hypertonic saline group and 16%
in the control group (p,0.001). These effects of hypertonic
saline on exacerbations did not differ significantly between
participants who were also prescribed rhDNase and those who
were not. Participants in the hypertonic saline group had
significantly fewer days on which they were absent from school
or work or unable to participate in other usual activities than
those in the control group (7 days vs 24 days; p,0.001).

This study suggests that, in addition to significant improve-
ments in lung function, long-term hypertonic saline reduces
respiratory exacerbation episodes and the treatment required to
control them. Whether the results of this trial are sufficient to
allow extrapolation to other groups of patients with CF not
included in the trial (such as those under the age of 6 years and
those with severe lung disease) is as yet unclear.

Physiotherapy and exercise
The impaired clearance of abnormally viscous airway secretions
has long been recognised as a key feature of the lung disease in
CF, and attempts to promote airway clearance through either
exercise or physiotherapy remain foundation treatments for
patients with CF.

Bradley and colleagues have recently reviewed the evidence
for these treatments in five Cochrane reviews.16 18 20 21 25 37 Little
evidence at present exists from well conducted trials on the
efficacy of regular airway clearance techniques in patients,
particularly young infants with minimal lung disease, in the
prevention of respiratory exacerbations. Their review described
seven studies which included 231 participants. While the
studies provided some limited evidence from both short-term
and long-term studies that aerobic or anaerobic physical
training had a positive effect on primary outcomes such as
exercise capacity, strength and lung function, no randomised
controlled trials have examined the influence of physical
therapy on altering the rate of respiratory exacerbations.

In several studies, conventional chest physiotherapy has been
compared with alternative methods of airway clearance
including high frequency chest compression, manual or
acoustic percussion, forced expiration technique, airway isolat-
ing devices or exercise. Most of these studies have not
considered the effect of these therapies on the frequency of
respiratory exacerbations. Reisman and colleagues conducted a
3-year prospective study which compared the effects of postural
drainage accompanied by percussion and the forced expiratory
technique with the effect of the forced expiratory technique
alone.38 Patients who performed the forced expiratory techni-
que alone had mean annual rates of decline that were
significantly different from zero for FEV1 (p,0.001), forced
expiratory flow between 25% and 75% of vital capacity
(FEF25–75) (p,0.001), and Shwachman clinical score
(p,0.004). In the group performing conventional physiother-
apy with percussion and postural drainage, only the mean
annual rate of decline in FEF25–75 was significantly different
from zero (p,0.03), and it was significantly different from the

mean rate of decline associated with the forced expiratory
technique alone (p,0.04). There was no difference between the
two groups in the number of hospital admissions or the number
of oral and intravenous antibiotics. Homnick et al reported the
results of a 6-month parallel trial of an intrapulmonary
percussive ventilator versus standard manual chest physiother-
apy in 16 children and adults with CF.39 No differences were
found between the two groups in the number of hospital
admissions or the use of oral or intravenous antibiotic therapy.

McIlwaine and colleagues examined the long-term effects of
physiotherapy with an isolating positive pressure device
(flutter) compared with physiotherapy with the use of a
positive expiratory pressure (PEP) mask in 40 children with
CF over a 12-month period.40 Patients treated with the flutter
device showed a greater mean annual rate of decline in FVC
than the PEP group. There was a significant increase in the rate
of hospital admissions in the group treated with the flutter
device compared with the PEP group (18 vs 5 admissions;
p = 0.03).

Several trials have examined the efficacy of the addition of
exercise to airway clearance therapy. Schneiderman-Walker
evaluated the effect of a 3-year home exercise programme on
pulmonary function and exercise tolerance in 72 patients with
mild to moderate lung disease aged 7–19 years.41 Patients were
randomly assigned to an exercise group receiving a minimum
of 20 min aerobic exercise three times weekly or a control group
who conducted only usual physical activity. The control group
had a greater annual decline in FVC % predicted than the
exercise group. No significant difference was found in the
number of acute exacerbations requiring admission to hospital
between the two groups. The effects of anaerobic training on
respiratory exacerbations in patients with CF have not been
examined. In 2004 Klijn et al42 reported the results of a 12-week
study examining the effects of anaerobic training in children
with CF. Twenty patients were randomly assigned to either a
training group or control group. The training group trained for
2 days a week for the 12-week period with each session lasting
30–45 min, whereas control subjects were directed not to
change their normal daily activities. The training programme
consisted of a set of eight basic training sessions that were
repeated every 4 weeks and supervised by the child’s own
physiotherapist. Aerobic performance and quality of life were
significantly improved in patients in the training group, but no
significant changes were seen in other parameters. No specific
comments relating to the rate of respiratory exacerbations were
offered by the authors.

Antibiotics
Several strategies of antibiotic treatment to reduce respiratory
exacerbations are explored in this section, including the
evidence for prevention of Staphylococcus aureus infection in
young children with CF, treatment of early Pseudomonas
aeruginosa infection (first isolation), the effect of nebulised
antibiotics, the role of macrolide antibiotics and the timing of
parenteral antibiotics.

Antistaphylococcal treatment
Staphylococcus aureus is a common early pathogen in young
children with CF,43 and the administration of specific anti-
staphylococcal antibiotics including flucloxacillin and cepha-
losporins is common practice in many CF centres.13 44 45 Despite
this, concerns remain that S aureus prophylaxis may predispose
to the acquisition of P aeruginosa infection.46 The effect of
treatment on P aeruginosa infection rates is supported by several
other studies in which S aureus prophylaxis has been associated
with increased P aeruginosa isolation.47 48 In their recent
Cochrane review, Smyth and Wolter identified four studies
involving 401 children with CF who received oral prophylactic
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antistaphylococcal antibiotics or ‘‘as required’’ antibiotics for at
least 1 year.23 49–52 The major findings of this review were that
fewer children receiving antistaphylococcal antibiotics had
evidence of S aureus in airway secretions and there was a trend
towards a higher rate of P aeruginosa infection from 4 to
6 years.23

Respiratory exacerbations (number or duration) were not
specifically assessed in this review.23 However, the number of
patients requiring hospitalisation and days of hospitalisation
were compared in three of the studies. No difference was found
in either of these end points between those receiving
antistaphylococcal prophylaxis and those receiving ‘‘as
required’’ antibiotics: weighted mean difference in proportion
of participants admitted to hospital during the trials 0.96 (95%
CI 0.50 to 1.86); weighted mean difference in mean number of
days in hospital 0.88 (95% CI 21.35 to 3.10). Smyth53 has
argued that the evidence for the benefits of S aureus prophylaxis
remains inconclusive and has highlighted the need for
additional carefully designed studies.

Treatment of Pseudomonas aeruginosa in young
children (first isolation)
Valarius reported the successful eradication of P aeruginosa with
3 months of oral ciprofloxacin and nebulised colomycin
(colistin).54 In this study, treated patients were compared with
historical controls managed at the same CF centre. Since this
early report, strategies to prevent chronic P aeruginosa infection
have been subject to intense investigation during the past
20 years,55–58 and several longitudinal studies are ongoing (C E
Wainwright and P J Robinson, personal communication).

In their Cochrane review, Wood and Smyth identified 15
trials, of which three were included in their analysis.26 The
authors concluded that there was evidence that antibiotic
treatment (including quinolones, nebulised colistin and tobra-
mycin) of early P aeruginosa infection results in short-term
eradication, but the long-term clinical benefit remains to be
established.55 57 None of the studies analysed in the Cochrane
review reported the effect of treatment on respiratory exacer-
bations, so it is not clear at present whether aggressive early
treatment of initial P aeruginosa isolation prevents respiratory
exacerbations.

Nebulised antipseudomonal antibiotics
A meta-analysis has recently been performed examining the
effect of nebulised antipseudomonal antibiotics in patients with
CF.22 59 The Cochrane review included 14 trials involving 1100
patients.22 In 13 randomised (or quasi-randomised) trials
including 985 participants, nebulised antipseudomonal anti-
biotics were compared with placebo (or usual treatment).
Notably, one trial contributed more than 50% of the total
patients included in the meta-analysis. The primary outcomes
of this Cochrane review were changes in lung function (FVC,
FEV1) and respiratory exacerbations (which included protocol-
defined respiratory exacerbations, hospitalisation episodes, or
parenteral antibiotic episodes). The authors concluded that
nebulised antipseudomonal antibiotics improved lung function;
however, there were wide variations in dosing regimens and
administration which limited the ability for pooling of studies
for analysis, including the effect of exacerbations of respiratory
infections.22

The largest study in this review included a protocol definition
for respiratory exacerbations (hospitalisation and/or need for
parenteral antipseudomonal antibiotics).60 The primary end
point was change in FEV1 % predicted. Treatment with
tobramycin resulted in a mean increase of 10% in FEV1

compared with a 2% decline in those receiving placebo
(p,0.001). The effect of tobramycin on hospital admissions
and respiratory exacerbations was reported in detail.

Participants receiving tobramycin were less likely to require
intravenous antipseudomonal antibiotics than the placebo
group (26%, 95% CI 2% to 43%) and were less likely to be
admitted to hospital (36%, 95% CI 17% to 51%). Participants in
the tobramycin group received intravenous antipseudomonal
antibiotics for an average of 9.6 days compared with 14.1 days
in the placebo group. A smaller proportion of participants in the
tobramycin group received one or more courses of intravenous
antipseudomonal antibiotics than in the placebo group (39% vs
45%).60

The potential long-term consequences of nebulised antipseu-
domonal antibiotics remain unknown—particularly the effect
on microbiological airway flora—and require ongoing study.61

Macrolides
Early reports of the benefit of azithromycin62 led to several
randomised controlled trials in paediatric and adult CF
populations.63–65 Short-term azithromycin administered for up
to 6 months improves lung function and quality of life and
reduces systemic markers of inflammation.24 As hospital
admissions were examined in different time scales (3 and
6 months), it was not possible to combine these data in a meta-
analysis.24 The effect of azithromycin on the number and length
of hospital admissions and parenteral antibiotic episodes was
reported in each of the studies.

In a crossover paediatric study from the UK, azithromycin
reduced oral antipseudomonal antibiotics but no effect was
seen on parenteral antibiotic courses during active drug
treatment.63 A study from the USA found that participants in
the azithromycin group had less risk of experiencing an
exacerbation (defined as either parenteral antipseudomonal
antibiotics or .7 days of treatment with oral quinolone) than
participants in the placebo group (relative risk 0.65, 95% CI 0.44
to 0.95; p = 0.03).64 66 There was also a reduction in the number
of participants admitted to hospital (relative risk reduction
0.46, 95% CI 0.04 to 0.85).66 The azithromycin group experi-
enced a 47% reduction in hospital days and a 39% reduction in
the days of intravenous antibiotic use, although these
differences were not statistically significant. Considerable
heterogeneity was observed in terms of the number of
respiratory exacerbations experienced during the trial; 79%
(95% CI 70% to 86%) of the azithromycin group and only 57%
(95% CI 47% to 66%) of the placebo group experienced one or
no respiratory exacerbations during the study.66

In a study from Australia, participants receiving azithromycin
had significantly fewer total days of intravenous antibiotic
treatment for acute respiratory exacerbations during the 3-
month trial than those receiving placebo (2.0 vs 7.1 days,
p = 0.009), fewer days at home receiving intravenous anti-
biotics (0.2 vs 2.1 days, p = 0.037), and fewer courses of
intravenous antibiotics during the study (0.4 vs 1.1,
p = 0.016).65 The number of days spent in hospital for antibiotic
treatment of acute respiratory exacerbations was lower in the
azithromycin group than in the placebo group (2.1 vs 5.2 days,
p = 0.056).

A further randomised, placebo-controlled, multicentre trial
has recently been published from France.67 This study was a
parallel group design and involved treatment for 12 months
(500 mg three times per week in patients with body weight
>40 kg and 250 mg three times per week in those with body
weight ,40 kg). Eighty-two patients were randomised,
approximately 25% of whom had evidence of P aeruginosa
infection (n = 19). The mean (SD) number of respiratory
exacerbations per patient was significantly reduced in the
azithromycin group compared with placebo (1.5 (0.3) vs 3.0
(0.4), p,0.005). The reduction in respiratory exacerbations was
significant in patients not infected with P aeruginosa (p,0.001).
Similarly, the time to first respiratory exacerbation was longer

726 Bell, Robinson

www.thoraxjnl.com

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2006.060897 on 8 A

ugust 2007. D
ow

nloaded from
 

http://thorax.bmj.com/


in the azithromycin group than in the placebo group (hazard
ratio 0.37, 95% CI 0.22 to 0.63; p,0.001). The median time to
exacerbation was 8.7 months in the azithromycin group and
2.9 months in the placebo group. The number of courses of oral
antibiotics was significantly lower in the azithromycin group
than in the placebo group (count ratio 0.55, 95% CI 0.36 to 0.85;
p,0.01). This reduction was only significant in patients
without evidence of P aeruginosa infection. The mean (SD)
numbers of courses of intravenous antibiotics and total
intravenous antibiotic days were lower in the azithromycin
group than in the placebo group, but only significantly in those
infected with P aeruginosa (34 (13) days vs 81 (19) days,
p = 0.05).

These studies have resulted in a significant uptake of this
treatment for patients with CF (5% of children and 11% of
adults with CF in the USA).13 However, concerns remain about
the sustained benefits24 and the potential adverse effects of
macrolide treatment,68 as long-term studies have not been
performed to date.

Timing of antibiotic treatment
Regular parenteral antibiotics, irrespective of clinical status,
have been advocated in Denmark where it has been routine
clinical practice for more than 20 years.69 It has been argued
that this management strategy has made an important
contribution to the rapid improvement in survival reported in
Danish patients with CF.70 In their meta-analysis, Yang and
colleagues identified two studies examining the question of
whether elective antibiotics are more effective than antibiotics
administered for symptoms.59 They concluded that elective
antibiotics did not result in significant differences in clinical
outcomes, including hospital or exacerbation rates, compared
with antibiotics given for symptoms. While regular parenteral
antibiotics may have a role for patients with advanced CF lung
disease, this therapeutic approach remains unproven.

Nutritional supplementation
The relationship between severity of CF lung disease and
nutritional status has been evident in both children and adults
with CF.71 72 In one study from the UK impaired nutritional
status was an independent predictor of mortality,73 and a
longitudinal paediatric study has also shown that weight
adjusted for age is an independent predictor of lung function
in pre-adolescent patients with CF.74 However, whether nutri-
tional status is truly an independent predictor of mortality
remains contentious.75

Enteral nutrition is common in children (US national rate
17.6%) and in adults (US national rate 12.5%) with severe
undernutrition.13 Several studies have shown improved or
stabilisation of lung function decline in patients receiving
enteral nutritional support,76–81 but the long-term benefits—
including the effects on frequency and severity of respiratory
exacerbations—are unclear. This also applies to oral nutrition
support.82

Newborn screening
The introduction of newborn screening for CF has produced
clear benefits in terms of nutrition, both in infancy and
subsequent childhood years.83 Despite several prolonged long-
itudinal studies, there are as yet no definitive data to suggest
that early identification of CF through newborn screening
minimises the number and extent of respiratory exacerbations.

Anti-inflammatory treatment
Chronic bacterial infection in patients with CF is associated
with an exuberant inflammatory response characterised by
neutrophilic infiltration within a milieu of proinflammatory
cytokines, oxygen-free radical release, and proteolytic enzymes

including neutrophil elastase.84 Despite intensive antibiotic
therapy, airway inflammation persists, and vicious cycle of
infection and inflammation is thought to contribute to lung
damage in patients with CF.84 An attractive therapeutic strategy
to retard the progression of airway and pulmonary destruction
is to reduce the extent and intensity of inflammation. Several
anti-inflammatory approaches have been assessed recently in
patients with CF, including oral and inhaled corticosteroids,
non-steroidal anti-inflammatory drugs (NSAIDs) and leuco-
triene antagonists. The evidence for these approaches is
reviewed.

Oral corticosteroids
Three randomised controlled trials (two of which were
.3 months) have evaluated the role of oral corticosteroids in
children with CF.85–87 A Cochrane review was unable to perform
a meta-analysis as trial end points and time course varied
considerably between the studies.17 Oral corticosteroids
appeared to slow the rate of progression of lung disease in
CF; however, a number of adverse effects were reported
including the development of cataracts, glucose intolerance,
cushingoid appearance, bone fractures and reduced growth of
the children. One study reported hospital admissions for
respiratory exacerbations.86 Similar numbers of hospital admis-
sions occurred in patients given high-dose prednisolone (2 mg/
kg/day), those given moderate-dose prednisolone (1 mg/kg/
day) and control subjects.86 The number of days in hospital for
respiratory exacerbations was not reported. The effect of oral
steroids in adults with CF has not been evaluated.

Inhaled corticosteroids
Inhaled corticosteroids are commonly prescribed in patients
with CF.13 14 44 Potential mechanisms of inhaled corticosteroids
in patients with CF may include a direct anti-inflammatory
effect, treatment of co-existing asthma, and/or bronchial hyper-
reactivity complicating CF but independent of asthma. In a
recent Cochrane review, Balfour-Lynn and colleagues evaluated
21 trials examining the role of inhaled steroids in patients with
CF.14 Their meta-analysis included 10 trials involving 293
participants. The authors concluded that, despite widespread
usage, there is little evidence to support (or refute) the use of
inhaled corticosteroids in patients with CF.

As a direct consequence of their Cochrane review, a multi-
centre randomised controlled trial was initiated in the UK to
determine the effect of inhaled corticosteroids.88 The investiga-
tors used an inhaled corticosteroid withdrawal trial design and
assessed the feasibility and safety of inhaled corticosteroid
withdrawal in children and adults with CF who were receiving
them. The study was a randomised, double blind, placebo-
controlled withdrawal study (2 month run-in period and
6 month study duration). Eligibility criteria included age
>6 years, FEV1 >40% predicted and inhaled corticosteroid
use in the previous 3 months. All participants received
fluticasone propionate during a 2 month run-in period. If
participants were previously prescribed fluticasone the dose
was unchanged, but a two to one dosage adjustment was made
for participants who had previously received either budesonide
or beclometasone dipropionate. Salbutamol was used as a
rescue bronchodilator. The primary outcome was time to
respiratory exacerbation defined by protocol.29 88 There was no
difference between the groups in time to first exacerbation
(hazard ratio 1.07 (95% CI 0.68 to 1.70), intention-to-treat
analysis). At 6 months, 49% of the fluticasone group and 46%
of the placebo group had experienced at least one respiratory
exacerbation (absolute difference 3%, 95% CI –12% to 18%).
Eleven participants in the fluticasone group and 14 in the
placebo group had two exacerbations, while five in the
fluticasone group and eight in the placebo group had three or
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more. There was no difference in secondary outcomes between
the groups, including change in FEV1, number of courses of
parenteral or oral antibiotics, use of rescue treatment including
b-agonists and oral corticosteroids, and growth in the first
6 months after inhaled steroid cessation. Notably, participants
with recent oral corticosteroid usage (within the previous
month) or very high dose inhaled corticosteroids were excluded
from the trial. Participants who were eligible for the trial but
whom the clinician wished to continue taking inhaled
corticosteroids were entered as an open label inhaled corticos-
teroid registry group. This recently published randomised
controlled trial suggests that there may be a limited role for
people with CF.

Non-steroidal anti-inf lammatory drugs (NSAIDs)
Three randomised controlled trials have examined the role of
NSAIDs in children and adults with CF.89–91 A Cochrane review
analysing the outcomes of these studies concluded that NSAIDs
may prevent pulmonary deterioration in patients with mild CF-
related lung disease.19 Only one trial provided information
about respiratory exacerbations.89 Participants in the study were
aged 5–39 years with mild lung disease (FEV1 >60% pre-
dicted); 49% of the patients in the ibuprofen group and 40% of
those in the placebo group were not admitted to hospital during
the trial. The patients receiving ibuprofen tended to have fewer
hospital admissions and days of care than the patients receiving
placebo, but the differences were not significant even when
only hospital admissions for respiratory symptoms were
considered.13

A study from a paediatric CF centre in Washington reported
that the use of ibuprofen has fallen over the past decade in
paediatric and adolescent patients.92 This retrospective analysis
of 90 patients showed that almost half of the patients treated
with high-dose ibuprofen discontinued treatment, and this was
frequently due to adverse effects, particularly gastrointestinal
side effects.92

Leucotriene B4 receptor antagonists
A recent study (published in abstract form) reported the results
of a double blind, randomised clinical trial of BIIL 284 BS, a
leucotriene B4 receptor antagonist.93 The primary end points of
the study were change in post-bronchodilator FEV1 and the
incidence of respiratory exacerbations. The trial was prema-
turely terminated by the safety monitoring committee (420
participants randomised of planned 600 participants) due to a
significant increase in the risk of respiratory exacerbations in
the adult participants receiving BIIL 284 BS. Ninety-five of 420
participants had a serious adverse effect requiring hospitalisa-
tion for a respiratory exacerbation. The relative risk of having a
respiratory exacerbation in the adult participants was 2.1 for
the lower dose (75 mg) and 1.3 for the higher dose (150 mg).
Similarly, the proportion of the adult participants admitted to
hospital for treatment of a respiratory exacerbation was higher
in participants receiving BIIL 284 BS than in those given
placebo. This effect was not observed in the paediatric
participants.

The mechanism of this potential effect of a leucotriene B4

receptor antagonist was not evaluated in the trial; however, the
results are a timely reminder that manipulation of inflamma-
tory pathways in CF-related pulmonary disease may have
deleterious effects and great care is required in the study of
anti-inflammatory treatments in patients with CF.

Treatment of specific pathogens
Infection with specific bacteria is frequently associated with
respiratory exacerbations.94 95 None of the treatment modalities
discussed previously have systematically evaluated the poten-
tial therapeutic effect on the numbers or severity of respiratory

exacerbations in patients with CF who have chronic pulmonary
infection with multiresistant pathogens such as Burkholderia
cepacia complex, Stenotrophomonas maltophilia and Achromobacter
xylosoxidans. Infection with B cepacia complex has been
associated with adverse outcomes including increased mortal-
ity, poor outcomes following lung transplantation and acceler-
ated loss of lung function.96–103 It has frequently been a specific
exclusion criterion for recruitment in many of the recent
multicentre clinical trials (eg, tobramycin for inhalation,
hypertonic saline and azithromycin18 60 64). It is not possible at
this time to know if the specific interventions discussed here
are effective in patients with CF and multiresistant bacterial
infection.

In a study by Block et al,95 factors predictive of respiratory
exacerbations in a cohort of patients infected with multi-
resistant infections were examined. The factors which were
predictive of exacerbations included younger age (odds ratio
(OR) 0.98, 95% CI 0.96 to 0.99), female gender (OR 1.45, 95% CI
1.07 to 1.99), poorer FEV1 (OR 0.98, 95% CI 0.97 to 0.99) and
multiple previous respiratory exacerbations (OR 3.16, 95% CI
1.93 to 5.17).95 Notably, patients taking azithromycin were less
likely to have a respiratory exacerbation (protocol-defined) (OR
0.28, 95% CI 0.11 to 0.72) and patients taking inhaled
corticosteroids were more likely to have a respiratory exacer-
bation in the first year of the 4.5-year study (OR 1.92, 95% CI
1.00 to 3.71). While this study was not designed to assess the
efficacy of a therapeutic intervention, it is an example of the
importance of large multicentre, and probably international,
research collaborations which allow sufficient patient numbers
to provide adequate study power to examine the efficacy of
treatments in patients with specific airway infections other
than P aeruginosa.

Vaccinations
According to many national recommendations and the clinical
practice of many CF centres, influenza vaccination is regularly
performed in people with CF,104 but evidence from randomised
controlled trials to support this recommendation is lacking. A
recent Cochrane review by Bhalla et al15 identified four
randomised controlled trials which examined the use of
influenza vaccine in CF.105–108 However, none of these studies
compared a vaccine with placebo, concentrating instead on
different routes of administration and dosages of vaccinations.
The effects of influenza vaccination on the number or severity
of respiratory exacerbations in CF have not been studied.

Although invasive pneumococcal disease is infrequent in CF,
it is often recommended that patients with CF should receive
pneumococcal immunisation.104 Lahiri and Waltz109 measured
pre-immunisation antipneumococcal antibody levels in an
observational study of 100 patients with CF aged 1–39 years.
Pre-immunisation antipneumococcal antibody levels against
six serotypes were measured and most patients (61–100%,
depending on age and serotype) were found to have protective
levels of pneumococcal antibody. There was a significant
positive correlation between antibody level and age for five of
the six serotypes tested. While a significant proportion (17–
39%, depending on the serotype) did not exhibit adequate
levels, no randomised controlled trial has examined the
effectiveness of pneumococcal vaccination in reducing acute
exacerbations.

Disappointing results of a large double blind, randomised,
placebo-controlled phase III trial of an antipseudomonal
vaccine involving 476 patients from 46 centres in four
European countries have recently been released. Patients
without P aeruginosa infection were vaccinated with Aerugen
(a vaccine candidate for the prevention of P aeruginosa infection
in CF) or a placebo vaccine. The primary end point of the study
was the prevention of infection with one or more of the
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serotypes of P aeruginosa in the candidate vaccine. The results
did not confirm the efficacy indicated in an earlier observa-
tional study. Based on these results, development of the vaccine
has been suspended (http://cws.huginonline.com/C/132631/PR/
200607/1064252_5.html).

COSTS OF CF CARE TO THE HEALTH SYSTEM, PATIENT
AND FAMILY
Advances in antibacterial treatment regimes, physiotherapy,
pancreatic and nutritional supplements have all aided in
achieving the increased length and quality of life for people
with CF. Many new treatments are costly (table 2), so any
treatment that reduces the number of episodes and duration of
hospitalisation may reduce the total cost of patient care. Annual
cost of care studies have been reported from North America and
Europe.9 10 110–114 In all studies the cost of inpatient treatment
was estimated to approach 30–40% of the overall annual cost of
patient care.

The introduction of rhDNase has significantly increased the
proportion of outpatient pharmacy in the overall cost of CF
care.110 In the PEIT study, for example, overall inpatient
treatment was reduced by 34% in the rhDNase-treated group,
but this was a group who had mild lung disease.30 It is likely
that the introduction of ‘‘preventive therapies’’ such as
rhDNase to this group may increase short-term CF care costs.
A reduction in the number of patients requiring inpatient
treatment may lead to early intervention treatments being more
cost effective. Evidence to support these assertions is currently
lacking and will require long-term cost effectiveness studies.

With the advent of evidence for new treatments and new
indications for ‘‘old’’ treatments, the burden of treatment in
terms of time taken to undertake it on a daily basis is
important. Many patients with CF who have significant
respiratory symptoms may now be prescribed multiple aerosol
treatments. The time taken to perform physiotherapy, exercise
and a series of nebulised treatments including rhDNase,
bronchodilator therapy, antibiotics and hypertonic saline may
be .2–3 h/day. In the current era, most children with CF are
able to continue schooling without long-term interruption of
education by hospitalisation and many adults with CF are
working.13 Healthcare professionals caring for people with CF
need to be mindful of just how achievable long-term complex
treatments are when consulting with their patients (fig 1,
table 3).

It is well known that adherence in patients with CF can be
less than 50% of what is prescribed in the clinic, and will
partially depend upon the complexity of treatment.115–117 Close
communication between the patient (and family) and the
healthcare team is vital, so that decisions can be made as to
which treatments are important and how they can be under-
taken without adding an intolerable burden. New technologies
of drug delivery will have an important role in assisting with

the management of increasingly complex treatment regimens.
These include advances in nebuliser device technologies to
increase the speed and efficiency of drug delivery.118 119

Furthermore, development of antibiotic120 121 and mucolytic122

treatments which can be delivered in aerosol formulation rather
than by more time-consuming nebulisation are undergoing
evaluation and may improve the tolerability of the delivery of
treatment for patients with CF.

CONCLUSIONS FROM EVIDENCE TO DATE
At present there is considerable discussion about the optimal
end point for therapeutic trials. While the gold standard
primary end point for CF clinical trials has been the spirometric
measure FEV1, alternative end points are increasingly being
studied in clinical trials. Recent studies have therefore started
to address ‘‘time to respiratory exacerbation’’ and ‘‘numbers of
exacerbations’’ as study end points.64 88 94 These are important
studies as they have incorporated estimates of the size of the
study population required to assess these outcomes with
adequate power.

Table 2 Yearly costs of some pulmonary treatments often
dispensed to a patient with CF with significant pulmonary
disease

Nebulised tobramycin for inhalation
(300 mg twice daily for 6 months)

£5200, J5200, US$9750

Nebulised salbutamol (5 mg twice daily) £69, J46, US$86
Nebulised Pulmozyme (2.5 mg once daily) £5200, J5200, US$9750
Nebulised hypertonic saline (6% 4 ml
twice daily)

£9, J14, US$18

Azithromycin (500 mg 36weekly) £533, J800, US$1000
Inhaled fluticasone (250 mg twice daily) £134, J200, US$250

Figure 1 One month’s supply of treatment for a typical patient with cystic
fibrosis who has significant pulmonary disease. Photograph courtesy of Ms
Judith Burrows, Adult Cystic Fibrosis Centre, TPCH.

Table 3 Daily treatments frequently required by many
patients with CF who have significant pulmonary disease

Nebulised tobramycin or colistin (colomycin): twice daily
Inhaled or nebulised bronchodilators: often twice daily
Nebulised Pulmozyme: once daily
Nebulised hypertonic saline: twice daily
Oral antibiotics: intermittent or chronically
Exercise: daily
Airway clearance/physiotherapy: up to twice daily
Pancreatic enzymes: with meals and snacks
Fat soluble vitamins: daily
High energy supplements, night feeds: daily in patients with undernutrition
Salt replacement: depending on climatic conditions
Acid suppression (PPI): if symptomatic gastro-oesophageal reflux, daily
treatment
Insulin: if disease complicated by diabetes, usually several times per day

Prevention of CF exacerbations 729

www.thoraxjnl.com

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2006.060897 on 8 A

ugust 2007. D
ow

nloaded from
 

http://thorax.bmj.com/


Future studies should also consider the potential effect of
other treatments on respiratory exacerbations as trial end
points, an issue which has received little attention to date. For
example, future trials of a new mucolytic agent should ask the
question: ‘‘Are other therapies which may potentially impact on
respiratory exacerbations balanced in each of the treatment
groups in the trial?’’. In addition, further research is required to
examine the possible additive effects of two or more treatments
in respiratory exacerbations (rates and duration) and the effect
of individual treatments in specific subgroups of patients (such
as very young patients and patients with specific bacterial
pathogens).

Finally, it should not be assumed that a lack of evidence for
the benefit of a specific treatment on respiratory exacerbations
means a lack of benefit, but may reflect the fact that
appropriately powered studies in a specific population of
patients for an adequate duration are yet to be performed.123 124

In conclusion, for many years a large part of CF clinical care
has been empirically based with little evidence of therapeutic
efficacy from randomised controlled trials. Over the past
20 years, however, clinicians have been provided with increas-
ing levels of quality research studies documenting improve-
ments in old treatments and establishment of newer
treatments. Many of these treatments—but certainly not all—
have shown their efficacy, at least in part, by a reduction in the
incidence of respiratory exacerbations. While the exact defini-
tion of an exacerbation in CF is often controversial or at best
open to debate, there is evidence that several pharmacological
agents including rhDNase, hypertonic saline, tobramycin and
macrolide therapy are able to reduce the level of respiratory
exacerbations in patients with CF. Future research will aim at
identifying other treatments—including not only pharmacolo-
gical agents but physical and nutritional interventions—that
will help reduce exacerbations in CF.
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Table 1 Prevention of respiratory exacerbations in cystic fibrosis

Approach Agents Evidence/study type* Summary of results Notes

Mucolytic agents N-Acetylcysteine Systematic review28 Exacerbation reduction not directly measured in trials
rhDNase Three RCTs29–32 Reduction in exacerbations seen in several trials

involving different patient groups
Hypertonic saline One long-term RCT36 Reduction in exacerbations

Physiotherapy and
exercise

PEP One study examining postural drainage/
percussion and the forced expiratory technique with
the effect of forced expiratory technique alone39

No difference in rate of hospital admissions

Flutter Flutter device compared with physiotherapy with
PEP mask in 40 children with CF over a 12 month
period40

A significant increase in rate of hospital admissions in
flutter treated group

Exercise One trial aerobic training41 No effect on exacerbation rate from aerobic training
One trial anaerobic training42 Exacerbation rate not analysed in anaerobic trial

Antibiotics Antistaphylococcal treatment Cochrane review23 No difference in proportion of patients admitted to
hospital

Respiratory exacerbations not defined

Possible increase in rates of PsA infection
Initial treatment of P aeruginosa Cochrane review26 Studies have not reported effect on respiratory

exacerbations
Ongoing studies will address whether early
treatment of initial isolates of PsA will reduce
respiratory exacerbations

Nebulised antibiotics Cochrane review22 Limited pooling possible to examine effect of
respiratory exacerbations
Proportion requiring IV antibiotics reduced
Proportion requiring hospital admission reduced
Reduced days on IV antibiotics

RCT (n = 520) of tobramycin for inhalation (300 mg
twice daily); 3 cycles of 1 month on, 1 month off
treatment60

Reduced in hospital days. Generally well tolerated treatment

Long-term effect on tobramycin susceptibility
uncertain

Macrolides Cochrane review24 Clear evidence from RCTs of a small but significant
improvement in respiratory function following
treatment with azithromycin

Study by Clement not included in meta-analysis

Four RCTs (total n = 369) of azithromycin; trial
3–12 months (3 parallel group, 1 crossover
design)63–65 67

Proportion requiring IV antibiotics reduced64 66 Hospitalisation examined in different time scales
(3 and 6 months); it was not possible to combine
these data in a meta-analysis

Proportion requiring hospital admission reduced64 66 Modest increase in azithromycin groups of
primary trial end point (FEV1)62–64

Reduced days on IV antibiotics�64–67 Not all patients had chronic PsA infection62 64 66

Reduced in-hospital days64 66 No evidence during trial of increased antibiotic
resistance or dispropionate acquisition of ‘‘new’’
infections62–64 66

Reduced exacerbation episodes65 67

Longer time to first exacerbation67

Reduced oral courses63 67

Timing of antibiotic therapy One published RCT (n = 60): patients randomised
to two treatment arms (elective or symptomatic) and
followed clinically at yearly reviews125

No difference in exacerbation rates Study design resulted in more IV antibiotics being
administered to patients receiving elective than
symptom-directed antibiotics

Nutritional support Enteral supplementation No RCTs Studies have not reported effect on respiratory
exacerbations

Enteral feeding may lead to increased weight and
possibly reduced rate of decline of lung function

Oral high energy supplementation One published RCT82 Study did not report effect on respiratory exacerbations
Neonatal screening Newborn diagnostic screening RCT on newborn screening83 Longitudinal study has not demonstrated lung function

advantage or reduction in respiratory exacerbations
Nutritional and growth advantage in patients
diagnosed by newborn screening

Anti-inflammatory
treatment

Oral corticosteroids Cochrane review17 Studies have not reported effect on respiratory
exacerbations

Increased side effects in oral steroid group

7
2

3



Approach Agents Evidence/study type* Summary of results Notes

One published RCT (n = 285); prednisone 2 mg/kg
or prednisone 1 mg/kg or placebo on alternate
days (maximum dose 60 mg); primary analysis
planned for after 4 years of study86

No difference in rates of hospitalisation in high-dose
steroid, low-dose steroid or placebo groups

An excess of adverse events resulted in the high-
dose prednisolone (2 mg/kg on alternate days)
being discontinued prematurely 3 years after
accrual of participants commenced and the low
dose was also discontinued 1 year later

Inhaled corticosteroids Cochrane review14 No evidence of effect on respiratory exacerbation rates
Subsequent RCT (n = 171): inhaled fluticasone
withdrawal trial, 6 months duration88

Time to exacerbation not different between ICS
withdrawal group vs ICS ongoing group
IV and oral antibiotic days and courses (treatment
episodes) equivalent

Patients with asthma and recent oral steroids
excluded from recruitment

NSAIDs Cochrane review19

RCT (n = 85) ibuprofen (20–30 mg/kg/day) twice
daily; study duration 4 years89

Details on effects of respiratory exacerbations not
provided
Proportion of patients requiring hospitalisation in
12 months prior to study greater in ibuprofen group
(27%) and this was stable in the final 12 months of the
study (29%). Increase in placebo group in final
12 months of study (from 14% to 37%)

Post hoc subgroup analysis, effect on rate of
decline of lung function confined to children aged
5–13 years
Low rates of prescription possibly related to
gastrointestinal complications or need for
ongoing drug level monitoring

No difference in number of hospitalisation episodes or
days spent in hospital

Leucotriene antagonists Study published in abstract form93 Increased respiratory exacerbations (adults) Safety monitoring committee prematurely
terminated trial (420 of 600 recruited).

Increased proportion of patients admitted to hospital
with respiratory exacerbations (adults)

Adverse effects not seen in paediatric patients

Treatment of specific
pathogens

No RCTs No data available Many RCTs exclude patients with multiresistant
bacterial infection (eg, BCC infection).

Vaccinations Influenza vaccination Cochrane review15 No trials directly comparing vaccine with placebo
Pneumococcal vaccination No RCTs No data available
Pseudomonas vaccination One unpublished RCT (see citation in body of text) No effect on decreasing Pseudomonas colonisation

RCT, randomised controlled trial; PEP, positive expiratory pressure; PsA, Pseudomonas aeruginosa; IV, intravenous; NSAIDs, non-steroidal anti-inflammatory drugs; BCC, Burkholderia cepacia complex.
*Specific RCTs highlighted in the table which have addressed aspects of respiratory exacerbations (including hospital episodes and treatment with intravenous antibiotics).
�Clement study: reduction in intravenous antibiotics for patients with PsA infection.
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