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ABSTRACT Pulmonary exacerbations have very important consequences in cystic fibrosis (CF), both in

terms of current morbidity as well as implications for long term morbidity and mortality. Even though there

is no universally agreed definition of pulmonary exacerbation, prompt and aggressive treatment with a

multidisciplinary approach is recommended. Maintenance treatments reduce the risk of exacerbations.

Antibiotics should be targeted against the common CF bacteria and these can be given orally, although i.v.

antibiotics will be required for ongoing symptoms or severe exacerbations. The evidence base for

recommendations regarding the optimal regimens, route and frequency of administration of antibiotics,

location, and duration of i.v. antibiotic treatment will be discussed. Management of comorbidities, like poor

nutrition and diabetes, is critical in improving outcomes.
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Pulmonary exacerbations in CF require prompt and aggressive treatment and a multidisciplinary
approach is recommended http://ow.ly/mK5df

Introduction
Cystic fibrosis (CF) is the most common life-limiting autosomal recessively inherited condition in the UK,

affecting more than 9300 patients [1]. It is a multisystem disorder but lung disease is the major cause of the

significant morbidity and mortality. The natural history of CF lung disease is one of chronic progression

with intermittent episodes of acute worsening of symptoms, which are called ‘‘pulmonary exacerbations

(PEx)’’. Pulmonary exacerbations are responsible for much of the morbidity and mortality.

It has been proposed in a recent editorial [2] that exacerbation of various pulmonary conditions should be

termed ‘‘lung attack’’ (like ‘‘heart attack’’ for myocardial infarction), with the aim that this term will

resonate more with patients and could lead to a systemic approach to management of these conditions by

healthcare providers.

A review of the literature on management of pulmonary exacerbations in CF is presented; even though it is a

review of international literature, many of the recommendations are based on the author’s experience of

managing CF in the UK.

Definitions
DAKIN et al. [3] suggest that ideally an exacerbation would be defined in terms of an objective chemical,

physiological, or histological marker but no such marker has, as yet, been agreed and the definition of a

pulmonary exacerbation remains a clinical one. The American Cystic Fibrosis Foundation gives a simple

definition in the family handbook as ‘‘Exacerbation – Signs and symptoms that show a need for treatment’’ [4].

There are several (not universally agreed) definitions of pulmonary exacerbations but there is no consensus

regarding the diagnostic criteria for pulmonary exacerbations, which are arguably the most important
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clinical event we deal with in patients with CF. Some studies have classed a physician defined requirement

to treat with new antibiotic therapy as a pulmonary exacerbation [5, 6]. However, there are significant

variations in identifying and treating pulmonary exacerbations at individual clinician level, both within the

same centre and between centres [3, 7]. These variations could be in the clinician’s preference for the route

of antibiotic administration (i.v., oral, new nebulised) as well as the threshold for starting treatment. The

access to inpatient treatment in different countries will also differ. Another approach uses a cluster of

symptoms and signs [8, 9] that indicate a recent change in clinical parameters or define a minimal criteria

(one of the major criteria alone, or two of the minor signs/symptoms present for o5 days or of significant

symptom severity [10]) to define the clinical need for additional treatment with i.v. antibiotics. RABIN et al.

[11] examined patient registry data in order to predict the factors that were associated with new treatment.

The scoring system developed by RABIN et al. [11] defines separate criteria for different age groups and

includes a definition of exacerbations for children ,6 years-old. This was validated in a recent study which

confirmed that the presence of four characteristic signs and symptoms is useful to define pulmonary

exacerbations in young children with CF [12].The European Consensus Group’s view is that the clinical

need for additional treatment, as indicated by a recent change in clinical parameters, provides the best

definition of an exacerbation [13]. It defines a pulmonary exacerbation as follows. An exacerbation will be

defined as the need for additional antibiotic treatment as indicated by a recent change in at least two of the

following: change in sputum volume or colour; increased cough; increased malaise, fatigue or lethargy;

anorexia or weight loss; decrease in pulmonary function by o10% or radiographic changes; increased

dyspnoea. These features have been used to define a pulmonary exacerbation in national treatment

guidelines [14].

Pulmonary exacerbations and inflammation
Persistent lower airway infection with inflammation is the major cause of morbidity and mortality in CF and

contributes to decline in lung function. Neutrophil driven inflammation is exaggerated, prolonged and may

even pre-date infection. Anti-inflammatory therapy, for example with Azithromycin, is well established in the

treatment of CF lung disease. During pulmonary exacerbations, there is further aggravation of pulmonary

inflammation; however, this is hard to quantify and the systemic host inflammatory response is used as a

marker of disease activity. During a pulmonary exacerbation, there is increased expression of some markers of

inflammation and/or lung damage, for example C-reactive protein, white cell counts, interleukin-8,

neutrophil elastase alpha 1-antiprotease complexes [15–17] and matrix metalloproteins [18], in blood or

serum. Circulating markers may not truly reflect the local inflammatory response in the lung; however, this

can be examined by measuring the sputum concentrations of bioactive lipid mediators, such as the cysteinyl

leukotrienes and prostaglandin-E2 [19], or sputum cell counts [16] or analysing exhaled breath [20–22] or

urine [23] during exacerbations. However, none of these are routinely used in clinical practice.

Impact of exacerbations
Pulmonary exacerbations have an impact on survival in CF [24, 25], reduce health-related quality of life due

to hospitalisation and the associated patient and family dislocation [24, 26], adversely affect sleep and

neurobehavioral performance [27] and increase health costs [28–30]. Exacerbation rates are often used as

one of the outcome measures in studies for new treatments in CF including nebulised Dornase alfa [8],

nebulised tobramycin [6], Azithromycin [5], hypertonic saline [9] and Mannitol [31]. The rate of

pulmonary exacerbation is also used as an important variable to assess new outcome measures such as high

resolution computed tomography of the chest [32] or cough frequency [33] and an important outcome

measure when assessing the impact of socioeconomic status [34] and environmental exposure [35] on CF.

Why treat a pulmonary exacerbation?
Even though the definition of a pulmonary exacerbation is not universally agreed, there is a consensus that

acute pulmonary exacerbations should be prevented, where possible, or promptly and aggressively treated

where prevention has failed. This is crucial to improving or maintaining lung function, improving quality of

life and prolonging survival. As well as causing acute worsening of symptoms, a decline in weight or body

mass index and an acute decline in lung function, pulmonary exacerbations also contribute to the long-term

deterioration in lung function in patients with CF [36, 37]. Worryingly, up to a quarter of patients do not

recover to baseline within 3 months of treatment of the pulmonary exacerbation with i.v. antibiotics

[37, 38]. Therefore, it is very important that there is an effective approach to early identification and

treatment of pulmonary exacerbations.

There is a very early and a high yield of CF pathogens in infants screened by flexible bronchoscopy [39], very

early presence of deteriorating structural lung disease associated with worsening inflammation and

pulmonary infection [40, 41], and abnormal lung function, with increased ventilation inhomogeneity and
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hyperinflation and diminished airway function, in many infants with CF diagnosed through newborn

screening by 3 months-old [42]. Despite appearing to be well, these infants should have prompt and

aggressive treatment of any abnormal symptoms or signs. There is also a need for prevention of

exacerbations. Longitudinal follow-up of this cohort will be essential to ascertain the extent to which early

changes in lung function persist throughout the first year of life to see if these is any catch-up growth with

conventional treatment. However, in a recent prospective study in infants diagnosed with CF,

bronchoalveolar lavage-directed therapy did not result in a lower prevalence of Pseudomonas aeruginosa

infection or a lower total CF-computed tomography score when compared with standard therapy at age

5 years [43].

Microbiology of exacerbations
Viruses
Pulmonary exacerbations can be caused by viruses independent of bacterial infections or viruses may be the

trigger for bacterial infections [44]. Compared with non-viral exacerbations, virus-related exacerbations are

associated with worse severity and quality of life scores, but similar pulmonary inflammation [45]. Influenza

A, influenza B and rhinovirus are the mainly implicated viruses, with an annual excess of 2.1% of

exacerbations requiring i.v. antibiotics attributable to influenza [44, 46]. There is also significant morbidity

associated with pandemic influenza infections in CF [47]. The increased morbidity in CF patients after viral

infection may be related due to an exaggerated inflammatory response of the airway epithelium as viral

exacerbations, especially by Rhinoviruses (RVs), increase planktonic bacterial load, which are in turn more

pro-inflammatory than their biofilm counterparts and stimulate an increased chemokine response [48]. An

alternative explanation for the increased morbidity in CF patients after viral infections could be linked to

increased cell death [49].

Bacteria
Pulmonary exacerbations are usually caused by bacteria which are typically associated with CF

(Staphylococcus aureus, Haemophilus influenzae, P. aeruginosa, Burkholderia cepacia complex and other

emerging CF pathogens). However, in clinical practice, it is often found that the respiratory tract cultures

obtained at the time of exacerbation do not grow the typical bacteria. In a retrospective study looking at 672

admissions over 5 years, 17% overall were negative for the typical CF bacteria but had signs and symptoms

of a pulmonary exacerbation and responded to treatment [50].

S. aureus, H. influenzae (nontypeable) and occasionally S. pneumoniae are the bacteria most often

encountered in pulmonary exacerbations in infancy and early childhood. CF subjects chronically colonised

with Methicillin-resistant S. aureus (MRSA) can experience pulmonary exacerbations due to MRSA [51].

Initial infection with P. aeruginosa is often environmentally acquired and can be cleared with eradication

treatment. Subsequent intermittent isolates can also be eradicated but it eventually becomes an established

chronic infection with biofilm formation in most patients. It has been proposed that biofilms play a role in

infection persistence and planktonic forms play a role in pulmonary exacerbations. The worsening of

symptoms during a pulmonary exacerbation, the proven clinical efficacy of b-lactam antibiotics in treating

exacerbations and the selection for b-lactam resistance in vivo, suggest that the release of more sensitive

planktonic organisms from the biofilm layer play a significant role in pulmonary exacerbations in CF [52].

Pulmonary exacerbations can be associated with the acquisition of new organisms; however, the majority of

pulmonary exacerbations are not due to acquisition of new strains of Pseudomonas, but are instead due to

clonal expansion of existing strains, especially in adult patients with CF [53].

A change in the bacterial density of colonising flora has also been proposed as another potential mechanism

of pulmonary exacerbation, as bacterial concentrations of Pseudomonas were shown to be high during an

exacerbation and decreased with treatment with antimicrobial agents (with an associated reduction in

symptoms and improvement in lung function) [54, 55]. STRESSMANN et al. [56], however, showed no

significant changes either in total bacterial or in P. aeruginosa numbers in sputum samples collected at 21,

14, 7 and 0 days prior to a pulmonary exacerbation and concluded that pulmonary exacerbations do not

generally result from increased bacterial density within the airways. Thus the mechanism(s) of pulmonary

exacerbations still remain undetermined and a subject of ongoing investigation.

Culture-independent diagnostic methods (quantitative PCR) have demonstrated that CF sputum

specimens generally contain a large number of different bacterial species at high concentrations; however,

currently culture-independent diagnostic methods do not offer clinical utility, but may prove useful in

clinical trials [57].
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Nontuberculous mycobacteria
When nontuberculous mycobacteria (NTM) are isolated from the respiratory secretions of patients with CF,

it is unclear whether this represents contamination, colonisation or indeed infection. The American

Thoracic Society/Infectious Diseases Society of America has published diagnostic criteria for NTM lung

disease that includes the clinical, radiographic, and microbiological criteria which must be met to make a

diagnosis of NTM lung disease [58]. Infection with Mycobacterium abscessus, has been shown to be

associated with fever and systemic upset [59]. Chronic M abscessus infection is associated with decline in

lung function [60] and rapid progression of lung disease. Evidence for NTM infection should be looked for,

especially if there is unexplained deterioration or lack of expected improvement with appropriate i.v.

antibiotics. Treatment of M abscessus infection would entail initial induction therapy with i.v. amikacin, in

combination with i.v. meropenem or i.v. cefoxitin and clarithromycin, for a minumum of 3–4 weeks.

Maintenance therapy with nebulised amikacin, oral clarithromycin and another agent to which the

organism is sensitive, is recommended [61].

Fungi
Allergic bronchopulmonary aspergillosis (ABPA) should be suspected if there is a poor response to i.v.

antibiotics, markedly increased or new-onset wheeze or pleuritic chest pain. The diagnosis needs to be

confirmed by radiological and serological testing, as per the UK Cystic Fibrosis Trust 2002 [61] or US Cystic

Fibrosis Foundation 2003 diagnostic criteria [62]. Aspergillus may also cause symptoms of pulmonary

exacerbation without associated allergic response aspergillus bronchitis [63]. Differentiating between

colonisation of the airways by aspergillus, sensitisation and ABPA can be difficult as the clinical,

radiological, serological and microbiological features of ABPA can overlap with those seen in CF without

ABPA, particularly during a pulmonary exacerbation. Newer diagnostic tests have been evaluated for their

performance in differentiating CF with and without ABPA, and diagnosis of ABPA before clinical symptoms

arise, as well as to monitor disease activity. These include a panel of recombinant Aspergillus fumigatus

allergens (Asp f1, Asp f2, Asp f3, Asp f4 and Asp f6); IgG subclass antibodies (Af-IgG1, Af-IgG2, Af-IgG4,

and Af-IgG3) against aspergillus; thymus- and activation-regulated chemokine (TARC); and the cellular

allergen stimulation test (CAST). However, these are not widely available and further studies involving a

larger number of patients are required for further evaluation, before these tests become a routine

investigation for ABPA [62]. The role of Candida in CF lung disease remains unclear, but it may presage

pulmonary exacerbation [64].

Treatment strategies
Even though there is lack of consensus for defining a pulmonary exacerbation, early and optimal treatment

is critical in improving the quality and length of life for patients with CF. The whole CF multidisciplinary

team including the doctors, specialist nurses, physiotherapist, dietician, pharmacist, clinical psychologist,

microbiologist and social worker should work together to evaluate and treat the pulmonary exacerbations

and associated complications (e.g. pneumothorax or haemoptysis). Even though exacerbations may occur

even with optimum adherence to maintenance treatment (for example inhaled antibiotics and airway

clearance), non-adherence because of overall treatment burden, lack of understanding of the importance of

the maintenance or complex psychosocial factors can lead to an exacerbation. All efforts must be made by

the multidisciplinary team during and after the exacerbation to continue to improve adherence [65].

Anti-infection treatment
For presumed upper respiratory viral infections, accompanied by a persistent cough for more than 3–5 days

or other lower respiratory symptoms, it is common practice to start an oral antibiotic [61], which will cover

both H. influenzae and S. aureus (e.g. co-amoxiclav). A cough (oropharyngeal) swab or sputum should be

taken for culture of CF pathogens before commencing the antibiotic. This is an effective treatment strategy

for outpatient management of ‘‘mild’’ acute CF pulmonary exacerbations with a high success rate in terms

of eradication of the bacteria and/or symptom resolution [66–68].

However, i.v. antibiotics should be considered if new symptoms develop while undergoing treatment or a

positive culture does not clear after the treatment. Multiple courses of oral antibiotics have been shown to

be less likely to avert progression to i.v. therapy when the initial course is unsuccessful [69]. In this

situation, treatment should be intensified with i.v. antibiotics, as well as more intensive physiotherapy,

preferably as an inpatient.

Most CF clinicians will use anti-pseudomonal antibiotics in those patients who have previously grown

Pseudomonas, although they may not grow it during the current exacerbation. For patients who have an

established chronic Pseudomonas infection and who develop new or increased symptoms at times of upper
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respiratory infections, a 2-week course of ciprofloxacin may be given, along with continuation of their

regular nebulised anti-pseudomonal antibiotic [61].

When the pulmonary exacerbation requires treatment with i.v. antibiotics, despite the theoretical advantage

of enhanced antibiotic exposure by both the inhaled and systemic route, this combined approach does not

seem to improve outcomes in terms of better or faster clinical improvement, though sputum counts of

Pseudomonas were lower [70]. There is a potential for increased toxicity following systemic absorption of

inhaled antibiotics and it also makes the interpretation of serum levels of some antibiotics more difficult.

Thus, there is insufficient evidence to recommend continuation of an inhaled anti-pseudomonal antibiotic

in conjunction with the same i.v. antibiotic during an exacerbation, and consensus guidelines suggest that

this decision should be determined on a case-by-case basis [14].

There are variations in the decision to commence i.v. antibiotics [7]. When site-specific variations in

practice patterns were analysed, it was found that CF care sites with patients who have the best lung

function prescribe i.v. antibiotics more frequently than sites with patients who have a lower average forced

expiratory volume in 1 s (FEV1) [71].

The decision to treat the pulmonary exacerbation with i.v. antibiotics does not necessarily entail a hospital

admission. There are variations in the availability of home i.v. antibiotic services and the level of patient

monitoring across the UK [72]. It should be emphasised to patients and carers that i.v. antibiotics are only

one part of the treatment of a pulmonary exacerbation, other interventions include intensive and supervised

chest physiotherapy and airway clearance, nutritional supplementation, possible treatment of CF-related

diabetes and antibiotic level monitoring. There is conflicting evidence in terms of outcomes based on the

location of treatment; some studies suggest better outcomes for patients treated in a hospital than for those

treated at home [73–76], while others report equivalence in terms of in terms of long-term FEV1 change and

the interval between courses of antibiotics [77]. Consensus guidelines [14] do not recommend delivery of

i.v. antibiotics in a non-hospital setting, unless resources and support equivalent to the hospital setting can

be assured for the treatment of a pulmonary exacerbation (although in clinical practice, treatment will often

get started in hospital and part of the course is then completed at home).

Antibiotic choice
Conventionally, antibiotic selection for treatment of pulmonary exacerbations has been directed by the

results of antibiotic susceptibility testing [14, 65]. However, there is uncertainty regarding the state in which

the organisms exist within the CF lung and the antibiotic susceptibilities of the organisms growing in

planktonic, adherent and biofilm states vary significantly [78]. There is mounting evidence questioning the

utility of routine antibiotic susceptibility testing [79].

A combination of anti-pseudomonal antibiotics should be used as far as possible, with different mechanism

of actions for treatment of pulmonary exacerbations with Pseudomonas; typically this would be an

aminoglycoside in combination with a b-lactam antibiotic. When using aminoglycoside antibiotics, it is

now common practice to use once daily dosing [80], while the b-lactam antibiotics are recommended to be

administered by intermittent rather than continuous infusion [14]. The CF Foundation recommends

against the use of synergy testing as part of the routine evaluation of a patient with an acute pulmonary

exacerbation caused by multidrug-resistant bacteria [14]. For pulmonary exacerbations in those subjects

who have chronic MRSA infection intravenous teicoplanin or vancomycin should be used [61].

Duration
A minimum duration of 10 days has been recommended for antibiotic treatment [61]. A recent large

multicentre retrospective study indicated that improvement in FEV1 plateaus after 7–10 days of therapy

[77]; however, whether i.v. antibiotic treatment for .14 days leads to sustained clinical benefit is difficult to

ascertain, and use of lung function as a guide could be unhelpful. In one study, parents and children felt that

the third week was subjectively beneficial [81]. Most clinicians will, however, use 2 weeks of treatment as a

routine, although there is no evidence from randomised studies as to the optimal duration of treatment

[14]. Duration of treatment is currently based on unit policies and response to treatment. Shorter duration

of treatment should improve quality of life and compliance, result in a reduced incidence of drug reactions

and be less costly. However, this may not be sufficient to clear a chest infection and may result in an early

recurrence of a pulmonary exacerbation [82].

Despite appropriate treatment, there are treatment failures in up to a quarter of CF pulmonary

exacerbations [37, 38, 83], which could be either failure to recover to base line, a change in antibiotic

regimen, prolonging the duration of treatment, or early recurrence. Some of the factors associated with

these treatment failures include advanced airway disease, use of enteric feeds, CF-related diabetes, CF-liver

disease and increased markers of inflammation.
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Repeated courses of antibiotics can lead to development of hypersensitivity reactions in some individuals

with CF and they may require desensitisation for each course of treatment [61].

Viral infections
Neuraminidase inhibitors limit infection and prevent spread of the influenza virus, but there are no trials to

support or refute their use in CF [84]. However, it is rational to use them in high-risk populations like CF,

although deterioration in pulmonary status can happen despite Oseltamivir therapy [47].

Airway clearance
This should be intensified during a pulmonary exacerbation using a range of physiotherapy techniques,

including positive end expiratory pressure techniques and occasionally the use of the Bird ventilator [65]. In

patients hospitalised with a severe pulmonary exacerbation, early use of noninvasive ventilation may

prevent the worsening of the respiratory status [85]. The opportunity to review physiotherapy techniques

and provide education on airway clearance should be taken during a pulmonary exacerbation.

Airway surface liquid hydrators/mucolytics
Airway surface hydrators like nebulised hypertonic saline [86] and inhaled mannitol [87] improve

mucociliary clearance when used for periods of 2–4 weeks. Nebulised hypertonic saline may have anti-

inflammatory properties [88] and improves some measurements of lung function (like lung clearance index

[89], as well as FEV1 at 4 weeks [90], although this mild improvement in FEV1 is not sustained at

48 weeks). For the above reasons, nebulised hypertonic saline is being increasingly used as an adjunct to

physiotherapy during pulmonary exacerbations. During acute pulmonary exacerbation, Dornase alfa

appears to be safe and well tolerated but does not show a statistically significant therapeutic effect when

added to antibiotics and physiotherapy [91]. However, bronchoscopic instillation of Dornase alfa has been

used successfully for lobar atelectasis in CF, which is unresponsive to medical therapy [92].

Management of comorbidities
Increased energy requirements, because of a catabolic state combined with reduced appetite and vomiting

secondary to swallowed sputum, makes it very important that nutritional support is optimised. Insulin

requirements can increase up to four times the usual baseline insulin dosage needed in some CF-related

diabetes patients and will need to be reduced once the pulmonary exacerbation is treated [93].

Oral corticosteroids are the mainstay for treatment of ABPA. Therapy is started with oral prednisolone at

0.5–1 mg?kg-1?day-1 (daily maximum of 60 mg) for 1–2 weeks, then 0.5–1 mg?kg-1?day-1 every other day

for 1–2 weeks, then taper off in 2–3 months on the basis of IgE, chest radiography, spirometry and

pulmonary symptoms. Antifungal therapy with itraconazole should be added if there is a slow or poor

response to corticosteroids, for relapse of ABPA, in corticosteroid-dependent ABPA and in cases of

corticosteroid toxicity. The use of antifungal therapy is recommended by a number of national clinical

guidelines [61, 94], despite the fact there are no large randomised controlled trials supporting the use of

antifungals in combination with oral corticosteroids. Oral itraconazole is poorly absorbed by persons with

CF, particularly children, and measurement of serum itraconazole levels should be considered when there is

a lack of clinical response or if there is concern about adequate drug absorption or patient compliance. The

initial dose of itraconazole should be 5 mg?kg-1?day-1, which may be given once daily unless the dose

exceeds 200 mg?day-1, in which case it should be given twice daily. The daily dose should not exceed

400 mg?day-1 unless low serum itraconazole levels are obtained. The bioavailability of itraconazole is better

when given as an oral solution, compared with capsules [95], or when it is given along with a vitamin C

drink [96] or with a carbonated soft drink [61]. Even when used at the recommended doses, therapeutic

levels may not be achieved [97]. The use of Voricoanzole in treatment of ABPA, as an alternative to

itraconazole as it has better bioavailability [98, 99], requires caution in view of the phototoxicity and strict

photoprotection should be advised [100, 101]. Nebulised liposomal Amphotericin B with [102] or without

[103] nebulised corticosteroids as an alternative treatment in ABPA has been reported with anecdotal

success. The duration of therapy should be 3–6 months [61].

The short-term use of oral steroids during a pulmonary exacerbation may be beneficial, but there is

insufficient evidence to recommend the routine use of corticosteroids in its treatment [14].

Strategies to prevent or reduce pulmonary exacerbations
Prophylactic antibiotics
Staphylococcus aureus
Prophylactic flucloxacillin is commenced from diagnosis and continued for the first 3 years in the UK [61].

However, a Cochrane review did not show any significant differences in hospital admissions or additional
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courses of antibiotics required between the two groups receiving either regular antibiotics or intermittent

courses, as required [104]. For CF subjects who isolate MRSA for the first time or who have been free of

MRSA following previous treatment, eradication should be attempted. The regimen should include topical

treatment with nasal mupirocin, chlorhexidine bath wash and either combination oral therapy with

rifampicin and fusidic acid or nebulised vancomycin or a combination of all three [61].

Pseudomonas aeruginosa
A ‘‘preventive’’ antibiotic strategy against P. aeruginosa is not routine practice. 3-monthly cycled anti-P.

aeruginosa prophylaxis was shown not to reduce the risk of initial and chronic infection in P. aeruginosa-

negative children with CF of all ages [105]. As opposed to ‘‘preventive’’ therapy for P. aeruginosa, early

aggressive eradication is universally recommended and may be sustained in the short-term, up to

12 months [106]. Available evidence supports the use of nebulised antibiotics, alone (tobramycin solution

for inhalation) or in combination with (nebulised colisitin) with oral ciprofloxacin. Despite the universal

consensus on aggressive eradication treatment for P. aeruginosa, the optimal regimen is a subject of ongoing

investigation [106]. Having successfully eradicated the initial P. aeruginosa, close microbiological

monitoring of airway cultures in young patients with CF recently infected with P. aeruginosa is

recommended; regular cycles of therapy do not offer an improved chance of remaining free of P. aeruginosa

[107]. Children with CF who fail to eradicate the P. aeruginosa after initial antibiotic treatment are at higher

risk of subsequent pulmonary exacerbations [108]. These intermittent isolates could have been picked up in

routine microbiological surveillance, or may have been the reason for a pulmonary exacerbation. Once

TABLE 1 Maintenance pulmonary treatment and reduction in pulmonary exacerbations

Intervention (approximate
reduction)

Subjects n Age years Duration of
intervention

Reduction in exacerbations

Inhaled Tobramycin
solution 300 mg twice
daily, 4 weeks on,
4 weeks off (quarter)

520 21 24 weeks 26% (2–43%) less likely to be hospitalised and 36% (17–51%) less
likely to require i.v. anti-pseudomonal antibiotics [6]

128 13–17 2 years Number of hospital admissions reduced by 19% and i.v. antibiotic
courses per patient year reduced by 32% [112]

DNAse 2.5 mg twice or
once daily (third)

968 o5 24 weeks Risk of a PEx requiring parenteral antibiotic therapy reduced 28%
(2–48%) for once daily and 37% (13–54%) for twice daily [8]

474 6–10 96 weeks Risk of PEx reduced by 34% (0–56%) [113]
Ibuprofen 20–30 mg?kg-1

to a maximum of
1600 mg in two divided
doses (third)

85 5–39 4 years Fewer hospital admissions Peto OR 0.64 (95% CI 0.39–1.05) [114]

Mannitol 400 mg inhaled
dry powder mannitol
twice daily (third)

389 o6 26 weeks 35.4% (risk ratio 0.65 (95% CI 0.34–1.21)) reduction in the incidence
of having a PEx [31]

Azithromycin 250 mg
patients ,40 kg and
500 mg patients .40 kg
three times a week
(half)

609 o6 6 months Twice as likely to be free of PEx at 6 months (OR 1.96 (95% CI
1.15–3.33) [115]

Subjects uninfected with Pseudomonas had a 50% (31–79%)
reduction in pulmonary exacerbations treated with new oral
antibiotics but not in pulmonary exacerbations requiring the
initiation of i.v. or new inhaled antibiotics [116]

Nebulised hypertonic
saline 7% 4 mL twice
daily (half)

164 o6 48 weeks 56% relative reduction (the mean number of pulmonary
exacerbations per participant in the control group was 0.89
compared with 0.39 in the hypertonic-saline group)
(difference 0.5, 95 % CI 0.14–0.86) [9]

321 4–60
months

48 weeks No difference: mean PEx rate (events per person-year) was 2.3
(95% CI 2.0–2.5) in the active treatment group and 2.3 (95% CI
2.1–2.6) in the control group [117]

Ivacaftor 150 mg every
12 h (half)

161 o12 (with
at least one
G551D CFTR

mutation)

48 weeks 55% less likely to have a pulmonary exacerbation [118]

Growth hormone Insufficient evidence [119]
Antibiotic adjuvant

therapy
Insufficient evidence [120]

Data are presented as n or % (95% CI), unless otherwise stated. PEx: pulmonary exacerbation; CFTR: cystic fibrosis transmembrane conductance
regulator.
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chronic infection with P. aeruginosa is established, there is increased morbidity, including increased

hospitalisation and increased need for treatment. Hence, it is imperative to aggressively treat initial isolates

of P. aeruginosa to achieve eradication and delay establishment of chronic infection.

Other bacteria
No preventive antibiotic treatment strategies are currently recommended for other established (e.g. H.

influenzae, Burkholderia cepacia complex) or emerging (e.g. Stenotrophomonas maltophilia, Achromobacter

xylosidans) CF bacteria.

Infection control
CF infection control strategies, including segregation based on microbiological status, hand hygiene for staff

and patients, contact and droplet precautions for certain pathogens and disinfecting equipment and

surfaces, are rigorously observed in all clinical settings involving CF patients, to prevent spread of infections

from patient to patient [109].

Immunisations
Children with CF should receive their routine childhood immunisations, but additional vaccines are also

recommended, including annual influenza vaccination. However, a Cochrane review [110] concluded that

there is currently no evidence from randomised studies that influenza vaccines given to people with CF are

of benefit to them. H1N1 influenza also causes significant morbidity in most of the patients with CF, with

respiratory deterioration in some [47]. Again, annual vaccination is now recommended as routine. There is

insufficient evidence to support Palivizumab or anti-pseudomonal vaccines [111].

Maintenance pulmonary treatment to reduce exacerbations
Pulmonary exacerbation rate is often used as a primary or secondary end-point in clinical trials for new

interventions in CF. Maintenance pulmonary treatments lead to reduction in pulmonary exacerbation rates

and the efficacy of different interventions in reducing the pulmonary exacerbation rate is summarised in

table 1. Lack of adherence to maintenance treatment, including physiotherapy (fig. 1), is likely to be

multifactorial, with factors including a large treatment burden or lack of understanding of the importance

of this treatment. As pulmonary exacerbations may still occur even with optimum adherence, it is

important to reassure parents and for patients to continue maintenance therapies [121, 122]. In terms of

antibiotic maintenance treatment, the prevalence of inhaled antibiotic use in the North American CF

population increased during the period from 1996 to 2005 due to increased chronic use, while acute use to

treat pulmonary exacerbations decreased [123].

FIGURE 1 A chewed up positive expiratory pressure mask which
the young person was meant to be using for physiotherapy.
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Conclusions
Pulmonary exacerbations have very important consequences in CF, both in terms of current morbidity, as

well as implications for long term morbidity and mortality. Even though there is no universally agreed

definition of a pulmonary exacerbation, prompt and aggressive treatment with a multidisciplinary approach

is recommended. Maintenance treatments reduce the risk of pulmonary exacerbations. Antibiotics should

be targeted against the common CF bacteria and these could be given orally, but i.v. antibiotics will be

required for ongoing symptoms or severe pulmonary exacerbations. Management of comorbidities, like

poor nutrition and diabetes, will be critical in improving outcomes.
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