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Abstract

With the improving survival of cystic fibrosis (CF) patients and the advent of highly effective 

cystic fibrosis transmembrane conductance regulator (CFTR) therapy, the clinical spectrum of this 

complex multi-system disease continues to evolve. One of the most important clinical events for 

patients with CF in the course of this disease is an acute pulmonary exacerbation. Clinical and 

microbial epidemiology studies of CF pulmonary exacerbations continue to provide important 

insight into the disease course, prognosis, and complications. This work has now led to a number 

of large scale clinical trials with the goal of improving the treatment paradigm for CF pulmonary 

exacerbation. The primary goal of this review is to provide a summary of the pathophysiology, the 

clinical epidemiology, microbial epidemiology, outcome and treatment of CF pulmonary 

exacerbation.
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Cystic fibrosis (CF) is the most common life shortening inherited disease in Caucasians and 

affects approximately 30,000 individuals in the U.S.1 Advances in care for individuals with 

CF have resulted in dramatic improvements in survival, but people with CF still have 

debilitating symptoms and die far too early.2,3 Acute pulmonary exacerbations are frequent 

and central events in the lives of individuals with CF. They may result in permanent loss of 

lung function, worse quality of life, and shortened survival.4–8 They are typically treated 

with multiple modalities including the use of antibiotics, given in various combinations of 

systemic and inhaled routes9. In this review, I will summarize what is known about the 

pathophysiology of exacerbations, the various definitions, clinical epidemiology and 

treatment approaches of PEx in CF.
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Pathophysiology of CF Pulmonary Exacerbation

Despite our detailed understanding of CF at a cellular level, very little is known about the 

pathophysiology of recurrent episodes of increasing pulmonary symptoms termed 

exacerbations. Exacerbations of patients’ pulmonary disease are very common and present 

clinically with changes in cough, sputum production, dyspnea, decreased energy level and 

appetite, weight loss, and decreases in spirometry. These episodes are likely related to a 

complex relationship between host defense and airway microbiology that impact sputum 

production and airflow obstruction. Viral infections, including respiratory syncytia virus 

(RSV), may play a role in the initiation of these events10 although data regarding the impact 

of vaccination against viral infection is limited.11,12 In ecologic population studies, a portion 

of pulmonary exacerbations have been attributable to viral infections like RSV and 

influenza.13,14 Pulmonary exacerbations have also been associated with the acquisition of 

new organisms or with a change in the bacterial density of colonizing flora.15,16 Bacterial 

concentrations of Pseudomonas aeruginosa are high during an exacerbation and decrease 

with treatment; and treatment with antimicrobial agents reduces symptoms and improves 

lung function.15–17 More recent data suggest that the majority of exacerbations are not due 

to acquisition of new strains of pathogen (i.e. Pseudomonas), but potentially due to a clonal 

expansion of existing strains.18 Aaron and colleagues noted that among 80 individuals 

followed for 2 years with quarterly sputum cultures, 40 patients experienced a pulmonary 

exacerbation.18 Only 36 had isolates that could be genotyped and among those, only two 

subjects demonstrated acquisition during exacerbation of a new clone that had not been 

present during a period of clinical stability. Inflammatory response in the airway in 

conjunction with the increase in bacterial concentration and polymorphonucleocytes has 

been documented with increases in IL-8, IL-6, IL1β, TNF-α, leukotriene B4 (LBT4), and 

free neutrophil elastase; these inflammatory mediators have been noted to decrease with 

treatment of the pulmonary exacerbation.19–24 Treatment of inflammation in randomized 

controlled trials and observational studies have had variable impact on clinical outcomes, 

both positive and negative (lung function and exacerbation rates).25–30

Definitions/diagnosis

Despite calls for a consensus diagnosis of pulmonary exacerbations by a CF Outcomes 

Group in 1994, no consensus diagnostic criteria exist.31 A prior review highlighted prior 

definitions employed32 – to date most clinical trials have employed the definition developed 

for the rhDNase trials (Fuchs definition with or with treatment required).33 Other diagnostic 

tools include the Acute Respiratory Illness Checklist (ARIC)12 and the Respiratory and 

Systemic Symptoms Questionnaire (RSSQ©) used in a large scale phase 2 CF clinical trial 

for an LBT4 inhibitor34 but neither has been widely adopted. No definition has been 

formally validated. Definitions generally combine patient reported symptomatology, 

laboratory data (particularly spirometry) and a clinician based evaluation of the patient with 

the addition of a physician decision to treat the event. Components of these definitions have 

been examined to see which clinical characteristics best predict a pulmonary exacerbation.
35–37 Symptoms rather than physical examination and laboratory values were found to be 

more predictive of a pulmonary exacerbation in these studies. The signs and symptoms that 

were most predictive of a pulmonary exacerbation in all of these studies were increased 
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cough, change in sputum (volume or consistency), decreased appetite or decreased weight, 

change in respiratory exam and respiratory rate.38 Given the lack of a consensus definition 

of these events, it is not surprising that patterns of treatment of pulmonary exacerbation 

continue to be quite variable.39

These events have a broad spectrum of clinical presentation from cough without change in 

lung function to severe drops in lung function inducing hypoventilation, hypoxemia and 

potentially respiratory failure. Like the overall definition, no universally accepted gradation 

of exacerbation exists. What is clear is that severe events – those that could get a patient 

admitted to the intensive care unit, are associated with a high one year mortality (upwards of 

50%).40,41 Multivariate predictors of mortality from such an event include annual decline in 

FEV1, simplified acute physiology score II, and the use of invasive mechanical ventilation. 

ICU mortality at single centers have been lower (32–55%).42,43 Improved outcomes have 

been recently noted using non-invasive oxygen and bi-level ventilation.44 More recent data 

suggests that the mortality for CF patients requiring mechanical ventilation remains high but 

is decreasing.45

CF Pulmonary Exacerbation as a predictor and outcome variable

The annual rate of CF pulmonary exacerbation has clearly been associated with 2 year and 5 

year survival in two separate prediction models evaluating the odds of death during follow-

up and recent models from the French and Canadian/UK registries.4,5,46–50 In a recent 

publication, the addition of pulmonary exacerbation in CF has added substantively to the 

lung allocation score in CF patients being listed for lung transplant in the US.51 CF 

pulmonary exacerbations requiring intravenous antibiotics have also been associated with 

later diminished lung function in children ages 1 to 6 years6, with CF related diabetes52, 

with sleep disturbances and health related quality of life.7,8 Lastly, pulmonary exacerbation 

rate has been an important marker of disease severity and as such has been used as an 

adjustment variable in studies looking at survival,53,54 a variable to consider as an inclusion 

criteria55 and an important outcome measure when assessing the impact of socioeconomic 

status and environmental exposure on CF.56,57 PEx rate has also been used as an important 

variable to assess novel outcome measures like high resolution computed tomography of the 

chest or cough frequency.58,59 Last, PEx has been central to drug agency approval of a 

number of key therapies.17,33,60–62

Epidemiology of CF exacerbation

The incidence of PEx appears to be relatively constant over the life of a CF patient, but 

antibiotic treatments change as patient airway infections become more complex and lung 

disease advances.63 In adolescents and adults, the proportions of PEx that are treated with 

intravenous (IV) antibiotics steadily increases.63,64 Several studies have shown that in 

approximately 25% of exacerbations, patients do not return to within 90% of their baseline 

lung function following treatment for the exacerbation (Figure 1).65,66 One factor associated 

with poor response to exacerbation treatment may be longer time from symptom onset to 

exacerbation treatment, suggesting that delayed treatment results in worse treatment 

outcomes. There is also evidence suggesting that CF centers that see patients more 
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frequently and treat patients more aggressively, e.g. more antibiotic use, have better clinical 

outcomes.39,67 PEx are also associated with more rapid lung function decline, poorer quality 

of life, and increased healthcare costs.68

Pulmonary exacerbation in small children

PEx’s are also meaningful events in young children.69 Frequent PEx’s, especially in the first 

two years of life are associated with decreased spirometry (FEV1) at age 5; PEx’s treated 

with IV antibiotics in small children are associated with the presence of bronchiectasis on 

chest CT and decreased weight-for-age at age 5. The challenge in CF infants and toddlers 

with exacerbations is that the frequency of PEx’s is very similar to the frequency of viral 

upper respiratory tract infections that occur in healthy children without CF.70 Children with 

CF are more likely to have prolonged viral infections and of greater severity, so these event 

are intrinsically linked.71 The presence of rhinovirus (RV)72 and respiratory syncytial virus 

(RSV)73 may enable Pseudomonas to more easily infect airway epithelial cells from patients 

with CF. Preventing exacerbations early in life has become paramount. Of concern, the 

recent Infant Study of Inhaled Saline in Cystic Fibrosis study (ISIS) found that inhaled 

hypertonic saline failed to decrease the rate of PEx’s in children ages 4–60 months with CF.
74 Importantly, a subset of patients performed infant pulmonary function testing, and 

patients who received inhaled hypertonic saline had a significantly larger mean improvement 

in forced expiratory volume in 0.5 seconds suggesting exacerbation may not be an ideal 

endpoint in pediatric studies.74 A recent study demonstrated hope at decreasing PEx’s in 

small children. Early introduction of azithromycin when added to inhaled tobramycin as part 

of a Pseudomonal eradication program did decrease PEx’s; the challenge with this study is 

that it was stopped early for efficacy and thus was underpowered to detect a change in 

Pseudomonas aeruginosa recurrence rate compared to placebo.75 Although this study met its 

key endpoint – PEx reduction, it left unanswered this key microbiologic question.

The CF community has been evaluating newer outcome measures to identify progression of 

lung disease given that PEx as an endpoint may not be sensitive enough. Serial chest CT 

scans have demonstrated structural lung disease, such as bronchiectasis, is persistent and 

progressive even in young children with CF.76 The AREST-CF study suggests that at least 

some very young patients will have bronchiectasis very early.77 Additionally, the lung 

clearance index (LCI), an outcome measure using the multiple-breath washout (MBW) 

method has been shown to be repeatable, reproducible, and sensitive in detecting the 

presence of lung disease in children with CF as young as 4 months of age.78 LCI in 3–5 

year-olds with CF is predictive of future LCI at 6–10 years of age.79 These tools may allow 

for closer clinical follow-up in these small children. These tools are essential because 

without spirometry it is difficult to assess whether young children ultimately recover 

following PEx’s.65

Microbiologic diagnosis

Chronic bacterial airway infections are characteristically seen in the majority of individuals 

with CF. These infections are commonly polymicrobial and rarely can be eradicated with 

antimicrobial therapy. Knowledge of the natural history of colonization and infection can be 
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helpful in the management of CF PEx’s. Culture of respiratory tract specimens from 

individuals with CF can present challenges to microbiology laboratories unaccustomed to 

processing them, because of problems related to sample viscosity, the polymicrobial nature 

of infections, and slow bacterial growth. In addition, many of the available commercial 

systems for organism identification and antimicrobial susceptibility testing are inaccurate for 

CF pathogens.80–82

Given polymicrobial infections are the norm in CF airway infections, they can be 

problematic to culture since the organisms in the specimen may have very different growth 

requirements. Pseudomonas aeruginosa is often present and, because of its mucoid 

phenotype, frequently overgrows both Gram-positive bacteria such as Staphylococcus aureus 
and more fastidious or slower-growing Gram-negative organisms such as Haemophilus 
influenzae and Burkholderia cepacia complex. Selective media, which inhibits the growth of 

P. aeruginosa, is very useful for the isolation of S. aureus and H. influenzae and is 

mandatory for the isolation of B. cepacia complex.83–86 In addition, multiple subcultures 

may need to be performed in order to isolate pure bacterial cultures for identification and 

susceptibility testing. Slow bacterial growth also requires that culture plates receive 

prolonged incubation. Laboratories specializing in CF microbiology frequently use 

incubation times of 48 hours for cultures expected to yield P. aeruginosa, and up to 96 hours 

before reporting a culture negative for B. cepacia complex.85

Microbiologic sampling

Sampling of lower airway secretions is considered essential for determining the infectious 

etiology of PEx in CF. This is most readily accomplished using expectorated sputum. 

However, some individuals with CF are unable to expectorate. In addition, with the advent of 

highly effective CFTR modulators, expectoration has been noted to decrease with marked 

CF symptoms improvement.87 Bronchoalveolar lavage is an excellent way of sampling the 

lower airway in non-expectorating CF individuals, but this is too invasive for routine 

culturing.

Oropharyngeal swabs have served as a surrogate but may not be representative of lower 

airway infection88,89; oropharyngeal cultures for P. aeruginosa had a sensitivity of 44% and 

a specificity of 95%89. H. influenzae was similar, but the specificity was significantly lower 

for S. aureus. Oropharyngeal swabs obtained after chest physiotherapy were found to have 

increased sensitivity and specificity for the detection of both P. aeruginosa and S. aureus 
compared with swabs obtained prior to physiotherapy.90

Hypertonic saline induction of sputum has been reported to be a good surrogate for lower 

airway sampling in CF.91,92 Several studies suggest that induced sputum may be more 

sensitive in detecting bacteria in the lower airway compared with expectorated sputum and 

even bronchoalveolar lavage.92–94 Sputum induction has been used to monitor both 

inflammation and infection after intravenous antibiotic therapy for pulmonary exacerbations 

in CF.22 With the advent of highly effective CFTR therapy for over 90% of CF patients, 

patients may have marked reduction in expectoration, potentially increasing the role for 

sputum induction in CF management of PEx.
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Antibiotic resistance and choice of antibiotics

Susceptibility testing of CF isolates of P. aeruginosa is difficult, for many of the same 

reasons that impact organism isolation and identification. Slow growth and mucoidy may 

impact the utility of automated systems for susceptibility testing of P. aeruginosa as well as 

for organism identification.82,95 When compared with broth microdilution methodology, 

agar diffusion methodologies including disk diffusion (Kirby-Bauer) and Etest performed 

well for the majority of antibiotics tested.96

Early infections with P. aeruginosa are commonly susceptible to anti-pseudomonal β-lactam 

antibiotics (including ticarcillin, piperacillin, ceftazidime, cefoperazone, and the penems), 

the aminoglycosides, and the fluoroquinolones. However, as patients age antibiotic 

resistance appears more frequently. At Danish CF centers, a significant increase in resistance 

to β-lactams was seen over two decades, but no correlation was found between increase in 

minimal inhibitory concentration and number of courses of anti-pseudomonal therapy.97 

Multiple antibiotic resistance, defined as in vitro susceptibility to only a single class of 

antimicrobial agents, has been reported in up to 11.6% of P. aeruginosa isolates from 

individuals with CF in the United States and up to 17.4% in Italy.86,98 These multiple 

resistant isolates present important challenges in the care of CF patients, both because of 

concerns of patient to patient spread and antibiotic choices. Unfortunately, in patients with 

multiple resistant Pseudomonas isolates, synergy testing and multiple combination 

bactericidal testing (MCBT) have not been demonstrated to improve clinical or 

microbiological outcomes compared to usual susceptibility testing.99,100 Interestingly, even 

standard susceptibility testing has not been clearly demonstrated to improve patient outcome 

noted by evaluation of observational data.101 Not only has standard susceptibility testing 

failed to demonstrate benefit, more elaborate testing of P. aeruginosa grown in biofilms also 

failed to have superior impacts on lung function in two separate studies.102,103 These results 

and others have led to a recent systematic review on this topic.

Recently, Somayaji et. al. with the Antimicrobial Resistance in Cystic Fibrosis International 

Working Group published a systematic review of antimicrobial susceptibility testing (AST) 

in CF.104 The review addressed two key questions: 1) “For individuals with CF, is clinical 

response to antimicrobial treatment of bacterial airways infection predictable from 

antimicrobial susceptibility testing results available at treatment initiation?” and 2) “For 

individuals with CF, is clinical response to antimicrobial treatment of bacterial airways 

infection affected by the method used to guide antimicrobial selection?” Most of the studies 

involved P. aeruginosa with 13 specifically addressing pulmonary exacerbation. Two studies 

suggested antimicrobial susceptibility testing correlated with pulmonary exacerbation 

treatment response correlations, while 11 did not. The authors’ conclusions were that there is 

little evidence that antibiotic susceptibility testing “predicts the clinical outcome of CF 

antimicrobial treatment, suggesting a need for careful consideration of current AST use by 

the CF community.”

B. cepacia complex organisms are often highly antibiotic resistant. All are intrinsically 

resistant to the aminoglycosides105 and the rate of in vitro resistance to the β-lactam 

antibiotics, with the exception of meropenem, is also quite high.106,107 The quinolones have 
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variable activity, but resistance can be readily induced.106 In vitro susceptibility testing 

suggests that there are combinations of antibiotics that act synergistically against B. cepacia 
complex using either synergy testing or MBCT.107,108 Synergy testing, using two drug 

combinations, found that for 57% of isolates tested, no active combination could be 

identified.108 The most active combinations were chloramphenicol plus minocycline (49% 

of isolates) and chloramphenicol plus ceftazidime (26% of isolates). MBCT testing using 

two or three drug combinations determined that at least one combination could be identified 

for all isolates tested.109 The majority of active combinations included meropenem. 

Unfortunately, it was not possible to predict for a given isolate whether a drug combination 

would be synergistic, additive or antagonistic.

Other antibiotic resistant Gram-negative CF isolates include S. maltophilia and A. 
xylosoxidans. Treatment of these organisms is often complicated by resistance to the 

aminoglycosides and variable susceptibility to the β-lactams and quinolones. The most 

active single drugs in vitro against S. maltophilia are ticarcillin/clavulanate and 

trimethoprim/sulfamethoxazole; the most active combination in synergy studies is ticarcillin/

clavulanate plus aztreonam.110 In a study of 106 CF isolates of A. xylosoxidans, the most 

active drugs were imipenem (59% susceptible), piperacillin/tazobactam (55%), meropenem 

(51%) and minocycline (51%).111 The most active additive or synergistic combinations were 

chloramphenicol plus minocycline, ciprofloxacin plus imipenem, and ciprofloxacin plus 

meropenem.

Overall approach to Treatment

A recent systematic review evaluated the literature regarding management of PEx. The 

authors performed a systematic review to develop treatment guidelines for the management 

of PEx and found insufficient evidence for most treatment decisions with the exception of 

treatment with antibiotics (including oral, inhaled and intravenous formulations in various 

combinations) which are considered standard of care.112 There has been no consensus as to 

how long to treat PEx with IV antibiotics and treatment durations can range from days to 

weeks.113 The number of antibiotics chosen (commonly two for Pseudomonas aeruginosa) 

was graded with insufficient data to make a recommendation after including 17 trials for 

review. The main challenge with these trials was an inability to demonstrate meaningful 

clinical improvement. Recent Cochrane reviews for the treatment of CF patients with PEx’s 

complicated Burkholderia cepacia complex infection found no quality evidence to guide 

treatment decisions.114CF consensus pulmonary guidelines for the treatment of PEx 

identified key questions for which additional studies were needed, including whether there 

was an optimal duration of IV antibiotic treatment for CF pulmonary exacerbation.112

Additional key aspects of PEx treatment approaches other than antibiotics include 

identifying and monitoring CF related diabetes, frequent airway clearance (four times a 

day), nutritional support and reducing risks of new organism acquisition if hospitalized. The 

role of oral steroids in pulmonary exacerbation remains unknown. In a recent US multicenter 

observational study of 220 CF adolescent and adults treated with IV antibiotics, 18.2% were 

treated with oral steroids for the exacerbation and 20% were treated with mucolytic agents.
115 The only randomized controlled trial (RCT) of prednisone as an adjunct to treatment for 
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PEx demonstrated a non-statistically significant improvement in lung function and no clear 

improvement in symptoms or sputum inflammatory markers compared to placebo.116 A 

large scale RCT is now underway in Canada to address the role of prednisone in patients 

with PEx who have not recovered to their baseline lung function with standard treatment by 

day 7 (NCT03070522).

Antibiotic selection for treatment remains challenging. Although studies have compared two 

versus one antibiotic to cover Pseudomonas, no consensus algorithm is available. As noted 

above, a systematic review could not come to a strong recommendation in regards to two 

anti-Pseudomonal agents to treat exacerbation. In one recent study of exacerbation, 

delineating the complexity of antibiotics used in a prospective multi-center cohort of 220 CF 

adolescents and adults, 51.8% received 2 IV antibiotics and 32.7 received 3 or more IV 

antibiotics.115 Intravenous tobramycin was most commonly used (in 59.5% of the cases) 

with meropenum, piperacillin/tazobatam/ceftazidime and vancomycin all prescribed in about 

25% of the patients. Over 25% of patients also received an oral antibiotic with only 9% 

receiving an inhaled antibiotic. In regards to dosing interval, daily vs three times a day 

aminoglycosides have been studies in RCTs. The best known trial (the TOPIC study) 

reported equal efficacy between once and three-times daily tobramycin given with 

ceftazidime, with a trend to less nephrotoxicity in CF children.117 Based on this study, many 

centers now use one daily IV tobramycin. Our group noted higher rates of toxicity with 10 

mg/kg (used in the TOPIC study) in adults with CF as others have reported, and we now 

start our dosing at 8 mg/kg. The use of IV gentamycin has markedly decreased since an 

observational study in the UK suggested increased toxicity compared to tobramycin.118 

Another key topic of dosing of antibiotics in CF PEx has been the use of continuous 

infusions of beta lactams, combination penicillins/beta-lactamase inhibitors (i.e. piperacillin/

tazobactam), or aminoglycosides.119–121 The rationale has been to optimize 

pharmacokinetic/pharmacodynamic (PK/PD) properties. Despite the PK/PD properties, 

studies to date have not been powered to demonstrate clinical superiority to routine dosing.

Treatment and treatment response

Several prospective cohort studies have clearly delineated the treatment response to IV 

antibiotics in CF PEx. These newer studies support earlier studies that note that an acute 

drop in pulmonary function is highly associated with the diagnosis and treatment of PEx37 

and that treatment with IV antibiotics has been shown to result in improved lung function in 

CF patients experiencing PEx.15 Sagel et al. enrolled 103 patients and collected clinical data 

(symptom scores, spirometry) and inflammatory markers; 84% recovered at least 90% of 

their baseline FEV1 within 3 months of the exacerbation.20 Having higher IL-6, IL-8, and 

α1AT concentrations at the time of exacerbation were associated with an increased risk of 

being a non-responder. An extension of this cohort study (n=123) demonstrated that 33% 

experienced <10% relative improvement in FEV1 during treatment. Symptom improvement 

was observed but was not associated with subsequent lung function or time to next antibiotic 

therapy, which had a median recurrence time of 143 days.21 More recently, the Standard 

Treatment of Pulmonary exacerbation (STOP) study prospectively enrolled 220 CF subjects 

admitted to the hospital for treatment of a PEx to evaluate the variability of treatment 

durations and to identify the clinical outcome measures deemed most important to care-
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givers in determining treatment success.115,122–124 These two cohorts frequently assessed 

spirometry and used a symptom diary [Cystic Fibrosis Respiratory Symptom Diary Chronic 

Respiratory Infection Symptom Scale (CFRSD-CRISS)] to evaluate treatment outcome.
125,126 Figures 1a and 1b describe the pattern of treatment response in the STOP trial in 

regards to spirometry and symptom score; these data show that respiratory symptoms as 

measured with the CFRSD-CRISS and average lung function typically improves with IV 

treatment but later declines. Of note, other patient reported outcome measures also can be 

used to assess response to treatment of a pulmonary exacerbation (the CFQ-R).127

Duration of treatment for a pulmonary exacerbation

The most common duration used to treat exacerbations is 14 days but there is considerable 

variance, including 10% of patients receiving >23 days. As noted above, systematic reviews 

of the literature found there was insufficient evidence upon which to develop guidelines for 

most treatment decisions, including antibiotic selection and duration128 and there is little 

evidence of additional clinical benefit for specific treatment durations in CF Foundation 

Patient Registry (CFFPR) analyses.129,130 Studies of PEx’s assessing response to treatment 

have shown that lung function improves up to day 8–10 with little additional improvement 

with longer treatments.113 A recent single-center retrospective study demonstrated that some 

patients continue to experience improvement in symptoms and FEV1 after cessation of 

treatment with longer antibiotic courses131, but it is not clear that this improvement was 

related to extending treatment, or that similar improvements would not have been observed 

with shorter treatment durations. Data show that average lung function typically declines 

after cessation of treatment. The total duration of IV antibiotic therapy for CF PEx has large 

implications on resource utilization, treatment burden, and potential for toxicity associated 

with extended treatment so remains a critical question in CF.

In 2012, 35.1% of patients of all ages followed in the CFFPR were treated at least once with 

IV antibiotics for PEx, with the median number of IV antibiotic treatment days per PEx 

varying greatly by CF care center, from 3 days to 24.2 days (Figure 3).55,132 There are two 

clear peaks in duration of antibiotic duration – 14 and 21 days but very dramatic variation 

across US centers.55 The median IV antibiotic treatment duration was 13.5 days for children 

and 14.5 days for adults (≥ 18 years).132 Given that as many as a quarter of patients with 

PEx treated with IV antibiotics fail to return to even 90% of the lung function they had prior 

to exacerbation, we urgently need to determine appropriate treatment duration.66,133

Studies that have focused on clinical outcomes after PEx have noted poorer short-term 

outcomes, including reduced recovery of lung function in a substantial fraction of events (up 

to 50%).65,134 It is possible that some PEx treatment decisions may account for poorer 

outcomes.55 For example, in the US, treatment with intravenous (IV) antibiotics for less than 

9 days and treatment entirely as an outpatient have both been associated with an increased 

risk of retreatment with IV antibiotics within 30 days of PEx treatment completion, despite 

similar patient characteristics at IV antibiotic initiation.55

Given the strong evidence and successful implementation in other diseases, it is very 

possible for an optimal standard duration of IV antibiotic therapy to be defined in CF. For 
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this reason, the STOP study (NCT02109822) was conducted to refine key clinical endpoints 

and variance for treatment response for an IV exacerbation in CF as noted above.115 This 

study led to the initiation of the STOP2 study (NCT02781610).124 The STOP2 trial is a 

divergent trial design that evaluates subjects’ interim improvement in lung function as 

measured by forced expiratory volume in one second (FEV1) and symptoms as measured by 

a CF specific respiratory symptom diary to tailor randomization to IV treatment duration (10 

vs. 14 days for early responders, 14 vs. 21 days for delayed responders). Data from this 

large-scale randomized controlled trial (RCT) (STOP2 trial will have over 850 CF patients) 

will provide clear evidence regarding the optimal duration of IV antibiotics for adults with 

CF who present with a physician-defined PEx. Equally important, in conjunction with the 

RCT, there are ancillary studies including a detailed cost benefit analysis to fully understand 

the implications of the trial results.

Site of Care

As noted above, systematic reviews of the literature found there was insufficient evidence 

upon which to develop guidelines for most treatment decisions, including site of treatment 

(home or hospital).112 Only one comparative trial exists which demonstrated similar 

outcomes for the home and hospital setting.112,136 Observational data has suggested that 

optimal treatment responses may not be achieved by treating acute PEx’s in the outpatient 

setting. A recent analysis of a national data registry found a 10% greater likelihood of FEV1 

returning to ≥90% of baseline comparing complete inpatient treatment with no inpatient 

treatment.137 The conclusions of this paper differed from another observational study using 

the CFFPR which found that site of treatment did not impact long-term outcomes of 

exacerbations.130 Thus, site of treatment remains a key unresolved question in the 

management of acute pulmonary exacerbations. In the CFFPR reports, the median treatment 

for PEx in adults was 12 days with a median hospitalization of 10 days,138 demonstrating 

that at least part of the treatment for PEx commonly occurs at home. The services to which 

patients have access are very different in the hospital compared to at home; differences may 

include nutritional support, regular chest physiotherapy and monitored antibiotic delivery. 

Given the costs of inpatient care, a clinical trial definitively addressing the best treatment 

setting for an IV exacerbation would be both ethically challenging and prohibitively costly.

Use of home monitoring for exacerbation

Very little has been published on self-monitoring for individuals with CF, and it has never 

been widely embraced by CF care providers. Investigators and clinicians at the University of 

Minnesota reported on their experiences with home monitoring in CF in the late 1980’s and 

early 1990’s.50;51 For a two year period 111 individuals with CF maintained daily diaries in 

which they recorded vital capacity, body weight, respiratory rate, pulse, and symptoms. The 

daily participation rate was maintained at approximately 80%.52 Subsequently, these 

investigators carried out a non-concurrent cohort study on 50 individuals with CF.51 Twenty-

five participants were selected randomly from the group that had used home monitoring and 

were matched to 25 participants that had not done home monitoring. The groups were 

matched on age and gender. There were no specific protocols for treating an exacerbations 

noted in either arm of the trial. Participants were followed for four years. FEV1 declined 
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from 73.1% predicted to 70.1% predicted in the home monitoring group (N.S.) and declined 

from 72.3% predicted to 60.8% (p<0.001) in the control group. While this was a small, 

retrospective study, it demonstrated that home monitoring was embraced by patients, did not 

adversely affect patients, and may result in beneficial health care behaviors. There was 

generally strong agreement that the feedback from self-monitoring was relevant, would 

allow patients to have more control of their health, and could play an important role in 

chronic disease management. Additional groups have integrating devices in the home to 

evaluate other aspects of CF care centered in Australia.139–141 Despite encouraging results 

from earlier studies in CF, a large scale randomized controlled trial of home monitoring in 

the US did not demonstrate clinical efficacy.142 Adherence with the monitoring arm of the 

protocol in this trial was lower than desired, with only 19% of participants in the 

intervention arm transmitting their home data twice weekly 80% of the time or greater for 

the year duration of the study. However, adherence with once weekly data transmission was 

50% using the device at least once per week on more than 80% of their follow-up weeks and 

generated a total of 524 alarms among 97 participants (72%) in the monitoring arm. These 

alarms led to a shorter time to diagnosis of a protocol defined PEx and antibiotic 

prescription. The treatments of exacerbations in the monitoring arm were more likely solely 

oral antibiotics. Currently, optimal care of an acute PEx is not known [i.e. number of 

antibiotics, duration of antibiotics and location of delivery of antibiotics (home or 

inpatient)].128 Thus, identifying PEx’s alone may not be enough; one needs to optimize 

management of these events.

Exacerbations in an era of highly effective modulator therapy

With the advent of highly effective modulators like ivacaftor60 and now ivacaftor/tezacaftor/ 

elexacaftor,143 clinicians do not know how the landscape of PEx will change. Based on 

clinical trial data, ivacaftor decreased exacerbation rates by 55% over 48 weeks.60 In post-

marketing data from the Irish CF Registry, ivacaftor has the potential to reduce exacerbation 

rates treated with intravenous antibiotic courses by 46% (95% CI: −62.5% to −23.3%) and 

oral antibiotics by 49%( (95% CI, −61.1% to −32.1%).144 We do not yet have published data 

about the impact of the new triple combination therapy (ivacaftor/tezacaftor/ elexacaftor) on 

PEx rate, however, it is likely to be greater than ivacaftor in patients with G551D mutations.
143 Even further data suggests that the future may be very bright for our patients; in a recent 

publication supporting earlier work, ivacaftor appears to reduce the incidence of new 

Pseudomonas aeruginosa acquisition.145,146 Despite the potential for radical changes in PEx 

rates, the majority of CF patients will still have moderate to extensive bronchiectasis 

complicated by lower airway infection and like non-CF bronchiectasis, will continue to have 

PEx’s managed by CF physicians.

Conclusions

Research regarding pulmonary exacerbations in cystic fibrosis continues to evolve 

improving our understanding of the natural history of disease of CF patients. Pulmonary 

exacerbations continue to significantly impact the lives of both children and adults with CF. 

Improving our understanding of these events will have implications for both basic research 

and clinical research in CF. We are now entering a new era of large scale clinical trials to 
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provide high quality evidence to treatment of PEx. We are also about to enter an era when 

>90% of our patients will likely have highly effective CFTR therapy that could alter the 

severity and the rates of PEx in CF. Despite these advances, many questions remain about 

basic aspects of pathophysiology and treatment of PEx that will likely persist. More work is 

desperately needed to further the science of PEx.
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Figure 1. 
FEV1 for nonresponders and responders at baseline, treatment initiation, and the best FEV1 

in the 3 months after treatment (n = 4,391). Responders are in white, nonresponders are in 

gray. The boxes represent the middle 50% of patients; the whiskers include all patients in 

each group. The horizontal line within the box represents the median FEV1. The x axis 

represents three time points: the best FEV1 in the 6 months before admission (baseline); 

FEV1 at treatment initiation (exacerbation); and the best FEV1 in the 3 months after 

treatment (follow-up). Reprinted with permission from the AJRCCM. * represent P<0.05
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Figure 2a and 2b. 
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2a: Patient’s mean the Chronic Respiratory Infection Symptom Score (CRISS) +/− SD by 

day of treatment with day 0 the beginning of IV treatment. The CRISS ranges from 0–100 

with 100 being the worst possible respiratory symptoms. 2b: notes the FEV1 % predicted 

change from admission for IV antibiotics by days of treatment. The bar graph notes those 

with an absolute change of 5% predicted and 10% predicted by end of IV treatment and 

them by day 28.
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Figure 3. 
Distribution of IV antibiotic treatment durations in the US CFFPR. Grey bars reflect the 

number of exacerbations where patients were admitted to the hospital. Black bars show 

numbers of patients of a given treatment duration who were never admitted to hospital as 

part of their exacerbation treatment. Reprinted with permission of the Journal of Cystic 

Fibrosis.55
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