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ABSTRACT: The aim of our study was to discover the health status and healthcare utilisation

associated with pulmonary exacerbations in cystic fibrosis (CF) and chronic Pseudomonas

aeruginosa infection.

Patients with CF from five UK CF centres attended two visits, 8–12 weeks apart. They were

classified at visit 1 as being in one of the three health states: no current pulmonary exacerbation;

‘‘mild’’ (no hospitalisation) pulmonary exacerbation; and ‘‘severe’’ (hospitalisation) pulmonary

exacerbation. All patients completed the Cystic Fibrosis Questionnaire-Revised (CFQ-R) and

EuroQol (EQ-5D) and a clinical form, and forced expiratory volume in 1 s (FEV1) was measured at

visits 1 and 2. Annual healthcare utilisation data were collected.

94 patients of mean¡SD age 28.5¡8.2 yrs and FEV1 58.7¡26.8% were recruited. 60 patients

had no pulmonary exacerbation, 15 had a mild and 19 had a severe pulmonary exacerbation at

visit 1. EQ-5D and CFQ-R data showed that the worse the exacerbation, the poorer the health-

related quality of life (HRQoL). There were strong relationships between the CFQ-R and EQ-5D

domain scores. The mean rate of pulmonary exacerbations per patient per year was 3.6 (1.5 in

hospital and 2.2 at home). The mean length of stay per hospital pulmonary exacerbation was

9 days.

As exacerbation status worsens, patients experience worse HRQoL. There is a significant

healthcare burden associated with treatment of pulmonary exacerbation and long-term

prophylaxis.
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C
ystic fibrosis (CF) is one of the most
common life-threatening autosomal reces-
sive inherited diseases. Approximately

one in every 2,500 children is born with CF and,
although the average life expectancy of patients
with CF is around 37 yrs, many patients die in
their late teens or early 20s due to recurrent
respiratory infections causing progressive lung
disease [1, 2]. Patients are repeatedly infected by a
range of opportunistic bacterial pathogens that are
acquired in an age-dependent sequence; however,
the most common pathogen in CF is Pseudomonas
aeruginosa [3]. Once chronically infected with P.
aeruginosa, there is a progressive decline in lung
function with episodes of acute worsening of
respiratory symptoms, usually referred to as
pulmonary exacerbations [4]. Studies have shown
that patients with frequent pulmonary exacerba-
tions experience an accelerated decline in lung
function and have a greater 3-yr risk of death or
transplant [4, 5].

Antibiotic treatment targeted against the predomi-
nant pathogen is the mainstay of CF pulmonary
exacerbation management and has contributed to a
dramatic increase in life expectancy in the past few
decades [6, 7]. Treatment of pulmonary exacerba-
tions often includes intravenous antibiotic therapy,
which can be delivered in hospital or at home.
Home therapy may be appropriate for selected
patients; however, the evidence for this is limited
and not all studies have shown this to be a cost-
effective option [6, 7]. The use of inhaled antibiotics
is focused on reducing the number of pulmonary
exacerbations in CF. A number of landmark clinical
trials have demonstrated the efficacy of inhaled
antibiotics, for example, inhaled tobramycin solu-
tion, tobramycin inhalation powder and aztreonam
lysine [8–11].

Recent studies have shown adoption of increas-
ingly complex, but effective, drug therapies for the
management of pulmonary exacerbations in CF.
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For example, data from the USA show that the use of inhaled
antibiotics increased from 25.7% to 39.3% between 2001 and
2007 (p50.05), and treatments associated with P. aeruginosa
infection substantially increase average annual expenditures
across all age groups [12]. These changes have resulted in
considerable economic costs with medical care costs of CF
tripling in the last decade [12–14]. There are limited current data
on specific healthcare utilisation associated with pulmonary
exacerbations in UK.

Pulmonary exacerbations can have a negative impact on
health-related quality of life (HRQoL) that lasts long after the
pulmonary exacerbation has resolved [15, 16]. The develop-
ment and use of disease-specific quality of life instruments,
such as the Cystic Fibrosis Questionnaire-Revised (CFQ-R),
have increased our understanding of the link between
pulmonary exacerbations and HRQoL by focusing on disease-
specific aspects of health status [17, 18]. There is also little
information in CF on the impact of pulmonary exacerbations
on generic health status, e.g. using the EuroQol (EQ-5D). The
EQ-5D provides a simple descriptive profile and a single index
value of health status [19–21]. It can be used to calculate
quality-adjusted life-years for future cost-effectiveness ana-
lyses of treatments, allowing comparison between therapies
across different therapeutic areas. It is not currently known
how these two questionnaires compare.

The aim of this study was to explore health status associated
with pulmonary exacerbations in patients with CF and chronic
P. aeruginosa infection. Additional objectives were to determine
the relationship between CFQ-R and EQ-5D and to describe the
healthcare utilisation associated with pulmonary exacerbations.

MATERIAL AND METHODS
Study subjects
Adolescents (aged .16 yrs) and adults diagnosed with CF and
chronic P. aeruginosa infection taking inhaled/oral antibiotics
(tobramycin, colistin or azithromycin) were recruited. Patients
were included if they were able to give written informed
consent, complete the protocol requirements and if they were
currently and normally resident in the UK. Patients were
excluded if they had acute illness not related to a pulmonary
exacerbation, cognitive or other impairment (e.g. visual) that
would interfere with the study requirements. Patients were
also excluded if they had a significant co-morbidity not related
to CF that could influence health status, or were being
considered for or on a lung transplantation list. This study
received approval from local ethics committee (08NIR03/76).

Study design
The objectives of our study were to explore the health status
associated with pulmonary exacerbations in patients with CF
and chronic P. aeruginosa infection; to determine the relation-
ship between EQ-5D and the CFQ-R; and to describe the
healthcare utilisation associated with regular management of
CF patients with P. aeruginosa infection and for pulmonary
exacerbations. The study was conducted at five sites in
England and Northern Ireland with a planned total enrolment
of 100 participants. No formal sample size calculation was
performed. It was planned that at least 30 patients in each of
the pulmonary exacerbation status groups would be recruited
at visit 1; however, this recruitment goal of 30 patients per

pulmonary exacerbation status was not achieved due to the
small numbers of CF patients coming to clinics with a
pulmonary exacerbation in progress, whether mild or severe.
After extending the enrolment time-period to try to obtain the
target number of patients, and still not having any increase in
the number of patient in these categories, it was determined to
ease this goal and enrol patients with CF regardless of current
pulmonary exacerbation status at visit 1.

Methods
Patients attended two visits. Patients were classified at visit 1
as being in one of three health states: no current pulmonary
exacerbation, ‘‘mild’’ pulmonary exacerbation (pulmonary
exacerbation managed without the need for hospitalisation)
and ‘‘severe’’ pulmonary exacerbation (pulmonary exacerba-
tion requiring hospitalisation). There is no clear consensus on
the definition of an acute pulmonary exacerbation [22]. For the
purpose of this study, a pulmonary exacerbation was defined
as the presence of two or more of the following criteria:
decreased forced expiratory volume in 1 s (FEV1) of o10%
from baseline (baseline defined as best in last 6 months);
decreased weight of at o1 kg from baseline (baseline defined
as best in last 6 months); change in sputum colour or increase
in sputum production from normal; increased cough from
normal; or decrease in energy from normal; and also a decision
to commence new oral or i.v. antibiotics for treating a
pulmonary exacerbation. The need for hospitalisation was
driven by local clinical decision-making and may have varied
between centres. At visit 2 (8–12 weeks later), pulmonary
exacerbation status was determined based on the type of
exacerbations (if any) experienced since visit 1.

At visit 1, participants completed a socio-demographic form.
At visits 1 and 2, participants completed HRQoL question-
naires and researchers completed a clinical form and measured
FEV1.

Socio-demographic form
A brief self-administered, socio-demographic form was com-
pleted by participants. This included questions about age, sex,
ethnicity, employment, education and current management of
disease.

HRQoL
The EQ-5D and CFQ-R were used to assess HRQoL. In this
study, the nondisease-specific EQ-5D preference weights were
obtained from published data on a representative sample of
the UK [23]. Anchors are 0 (death) and 1 (best imaginable
health state). The CFQ-R is a disease-specific questionnaire
with 12 domains that measure symptoms and HRQoL; scores
range from 0 to 100, with higher scores indicating better
HRQoL (fig. S1) [18].

Clinical form
At visit 1, to collect data on healthcare utilisation associated
with CF in the 12 months prior to the visit, a 1-yr retrospective
chart review was conducted. In CF, patient charts’ include
details of both pulmonary exacerbations managed in hospital
and at home. The number of pulmonary exacerbations during
the previous 12 months was recorded, along with the number
of pulmonary exacerbations with and without hospitalisation.
The total number of days spent in hospital and the usage of i.v.
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antibiotics in the hospital was captured over the prior year. In
addition, the usage of antibiotics at home was also recorded. Data
on follow-up for hospital and home exacerbations, including
number of events/visits by type of provider/specialist, was
collected. Data on follow-up for hospital and home exacerbations
excluded previously scheduled clinic visits, as well as telephone
follow-up consultations. Data on nebulised maintenance anti-
biotic treatments were collected. At visit 2, data on healthcare
utilisation between visit 1 and visit 2 was collected.

FEV1

FEV1 was measured and recorded at both visits. The FEV1 %
predicted was based on age, sex and height using the
calculations from KNUDSEN et al. [24].

Analysis
Descriptive statistics were calculated for demographic data
and for all clinical and HRQoL outcomes collected. For patients
who did not have pulmonary exacerbations at visit 1 or 2,
change in scores were calculated between visits 1 and 2 to
establish the stability of the EQ-5D and the CFQ-R scores.
Confidence intervals on EQ-5D utility index by visit 1
pulmonary exacerbation status were calculated based on b

distributions in our study bounded by 0 and 1. Pearson
correlations and multiple regressions were used to assess
relationships between CFQ-R domain scores and EQ-5D utility
index. For the multiple regressions, the EQ-5D utility index
was the dependent variable and the predictor variables were
the individual domains of the CFQ-R.

Resource utilisation data were decomposed into the number of
pulmonary exacerbations by patient and the healthcare utilisa-
tion per pulmonary exacerbation. Visit data were pooled to
better estimate the resource use per pulmonary exacerbation.

RESULTS

Patient characteristics
The demographics and spirometry of the 94 patients recruited
according to baseline pulmonary exacerbation status are
summarised in table 1. Among these patients, 60 had no
pulmonary exacerbation, 15 had a mild pulmonary exacerba-
tion and 19 had a severe pulmonary exacerbation.

CFQ-R and EQ-5D in patients with CF and chronic
P. aeruginosa
At visit 1, CFQ-R scores reported according to pulmonary
exacerbation status showed that the worse the pulmonary
exacerbation status, the lower the mean CFQ-R scores for the
12 domains and the poorer the quality of life (there were slight
exceptions for mild pulmonary exacerbation versus no pul-
monary exacerbation, such as eating disturbance, digestion,
body image and weight) (fig. 1). Mean scores by domain
ranged from 42 to 85 for no pulmonary exacerbation, 55 to 82
for mild pulmonary exacerbation, and 25 to 78 for severe
pulmonary exacerbation.

EQ-5D descriptive scores (fig. 2) confirm that patients with
more severe pulmonary exacerbations have poorer HRQoL.
EQ-5D utility index means (95% CI, b distribution) were 0.85
(0.80–0.89), 0.79 (0.67–0.91) and 0.60 (0.44–0.76) for no, mild
and severe pulmonary exacerbations, respectively. The UK
general population norm for age 25–34 yrs, both sexes, is 0.93
and for age 35–44 yrs, is 0.91. The mean EQ-5D utility index for
each pulmonary exacerbation status in our study is signifi-
cantly lower than the population norm (p,0.05).

EQ-5D visual analogue scale scores (95% CI, b distribution)
showed a similar pattern: mild pulmonary exacerbation 63 (53–
72); severe pulmonary exacerbation 42 (35–48); and no pulmon-
ary exacerbation 71 (67–75).

TABLE 1 Baseline patient demographic and clinical characteristics#

Characteristic All subjects Pulmonary exacerbation baseline status at visit 1

None Mild Severe

Subjects n 94 60 15 19

Age yrs 28.5¡8.2 28.1¡7.6 30.4¡8.7 28.1¡9.7

Male 48 (51.1) 34 (56.7) 8 (53.3) 6 (31.6)

Employment status

Full-time 9 (9.6) 6 (10.0) 0 (0.0) 3 (15.8)

Part-time 1 (1.1) 0 (0.0) 0 (0.0) 1 (5.3)

Homemaker 6 (6.4|) 3 (5.0) 2 (13.3) 1 (5.3)

Student 50 (53.2) 36 (60.0) 6 (40.0) 8 (42.1)

Retired 4 (4.3) 2 (3.3) 0 (0.0) 2 (10.5)

Disabled/unable to work due to health 21 (22.3) 11 (18.3) 6 (40.0) 4 (21.1)

Other 3 (3.2) 2 (3.3) 1 (6.7) 0 (0.0)

FEV1 % pred

Subjects n 90 58 14 18

Mean¡SD 58.7¡26.8 65.9¡27.5 51.9¡21.9 41.0¡17.8

Median 54.9 68.4 46.0 38.7

Data are presented as mean¡SD or n (%), unless otherwise stated. FEV1: forced expiratory volume in 1 s; % pred: % predicted. #: socio-demographic information was

obtained using the Cystic Fibrosis Questionnaire-Revised at visit 1 unless data was missing, in which case it was imputed from other data sources.
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For patients with no pulmonary exacerbation who had no
pulmonary exacerbation at either visit 1 or at visit 2 (8–
12 weeks later), the change in scores from visit 1 to visit 2
for the CFQ-R and EQ-5D was generally small, confirming
that both instrument measurements were stable over time
(figs S1 and S2). For the CFQ-R, the mean change scores were
within the published minimal clinically important difference of
four points [25].

Relationship between CFQ-R domains and EQ-5D
There were significant and strong relationships between
domain scores of CFQ-R and EQ-5D utility index score at visit
1 and visit 2 (table 2). At visit 1, 12 domains together in a single
multivariate linear regression model (not shown) explained
72% of the variance in EQ-5D (R250.72) (see online supple-
ment 2 for a five-domain model).

Healthcare utilisation data for pulmonary exacerbations
(whether treated in hospital or at home) and maintenance
of inhaled antibiotic therapy in the year prior to visit 1
The mean number of pulmonary exacerbations (either requir-
ing hospitalisation or being treated at home) in the previous
year was 3.6 per patient. The mean rate of hospital pulmonary
exacerbation in the previous year was 1.5 per patient and the
mean rate of home-treated pulmonary exacerbations in the
previous year was 2.2 per patient. Over half (57%) of patients
had at least one pulmonary exacerbation requiring hospitalisa-
tion. 83% of patients had home-treated pulmonary exacerba-
tions, with 21% of patients having one pulmonary exacerbation
and 62% having multiple pulmonary exacerbations. For the 150
hospital pulmonary exacerbations, the mean length of stay was
9.2 days per pulmonary exacerbation (table 3). Half of the
severe pulmonary exacerbations required home i.v. antibiotics
after discharge and 95% required oral antibiotics. In the 217
home-treated pulmonary exacerbations, nearly half (42%) of
the pulmonary exacerbations required i.v. antibiotics and 71%
oral antibiotics. The mean length of i.v. antibiotic treatment
was 7.6 days per pulmonary exacerbation and the mean length
of oral antibiotics was 10 days per pulmonary exacerbation.

The majority of patients (91%) used inhaled antibiotic main-
tenance therapies and this was generally colomycin (50%) or
tobramycin (12%) or a cyclic combination of these (24%).

DISCUSSION
This study provides evidence that pulmonary exacerbations
have an impact on HRQoL, which can be captured by disease-
specific (CFQ-R) and generic (EQ-5D) assessment tools.

The construct validity of the EQ-5D has been established in
several chronic diseases; however, it has not been widely used
in CF, where the preference is to use the various disease-
specific HRQoL instruments, especially as these disease-specific

60

70

80

90

50

40

30

20

10

0

E
at

in
g 

di
st

ur
ba

nc
es

Tr
ea

tm
en

t
bu

rd
en

H
ea

lth
pe

rc
ep

tio
ns

W
ei

gh
t

R
es

pi
ra

to
ry

sy
m

pt
om

s

D
ig

es
tio

n

B
od

y 
im

ag
e

P
hy

si
ca

l
fu

nc
tio

ni
ng

R
ol

e
lim

ita
tio

ns

E
m

ot
io

na
l

fu
nc

tio
ni

ng

S
oc

ia
l

fu
nc

tio
ni

ng

Vi
ta

lit
y

No exacerbation
Mild
Severe

C
FQ

-R
 s

co
re

FIGURE 1. Cystic Fibrosis Questionnaire-Revised (CFQ-R) domain scores at visit 1.
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questionnaires are accepted by the European Medicines Agency
EMA as evidence of clinical benefit [17, 26]. The EQ-5D
correlated strongly with disease-specific domains of the
CFQ-R. The EQ-5D utility index scores from this study provide
a preference-based assessment that can be used to calculate
quality-adjusted life-years for cost-effectiveness analyses of
inhaled antibiotic treatments in CF. This is particularly relevant
as more therapies become available for use in CF for the
management of specific components of the disease. The patients
in our study were representative of the UK CF population in
2008 in terms of lung function for adult centres in the UK, i.e. of
4,286 people, the mean FEV1 was 66.4% and the median
proportion with P. aeruginona was 60% (UK CF Registry, Cystic
Fibrosis Trust, 2011), and so the health utility data from this
study are an important first step towards measuring the extent
of health gain that results from healthcare interventions such as
new inhaled antibiotics.

The EQ-5D in the present study allows for comparisons with
other respiratory populations when stable and during an acute

pulmonary exacerbation, as the dimensions were relevant to
overall well-being. The detriments in health utility data seen in
this adult CF population are greater than the decrements seen
in paediatric CF populations; however, they are comparable to
other adult respiratory populations [26–29]. There are limited
data on EQ-5D decrements in utility for pulmonary exacerba-
tions in other respiratory populations (in our investigation,
data were only found in chronic obstructive pulmonary
disease (COPD)). Both populations appear to experience a
decrement in EQ-5D during a pulmonary exacerbation;
however, the patients with CF in our study did not experience
as great a decrease in EQ-5D as the COPD population [30]. In
summary, the CFQ-R is likely to be most useful when
exploring disease-specific components of HRQoL in CF;
however, in conditions where it is important to make
comparisons of HRQoL with other populations or when the
aim is to calculate quality-adjusted life-years for cost-effective-
ness analyses, researchers should consider using the EQ-5D.

This study provides important information on the healthcare
utilisation associated with pulmonary exacerbation. The mean
number of hospital i.v. treatment days for each pulmonary
exacerbation was 9.2, with half of the patients continuing i.v.
therapy at home. This compares well with data from the 2008
UK CF Registry Annual Data Report (which includes data for
UK adult centres), i.e. 4,286 subjects with a total i.v. treatment
of 24.3 days, hospital i.v. treatment of 12.1 days and home i.v.
treatment of 12.1 days [31]. There is no data on the frequency
of pulmonary exacerbations per year in the UK CF Registry, so
our study provides important new information. Studies have
identified that patients with frequent pulmonary exacerbations
experienced an accelerated decline in lung function and had a
greater 3-yr risk of death or transplant, and therefore warrant
diligent monitoring and timely consideration for lung trans-
plant [5].

This aggressive approach to the treatment of pulmonary
exacerbations in CF is accompanied by increased rates of in-
patient care costs. For example, rates of in-patient care
increased significantly from 24.0% of individuals with CF in
2001 to 38.9% in 2007 (p,0.0001). Average in-patient costs
varied from year to year, but also showed an increasing trend
across this period [12].

TABLE 2 Relationship between domain scores Cystic
Fibrosis Questionnaire-Revised (CFQ-R) and
EuroQol-5D (EQ-5D) utility index at visit 1

CFQ-R domain Correlation between CFQ-R domain and

EQ-5D utility index at visit 1#

Physical functioning 0.635"

Role limitations 0.672"

Vitality 0.572"

Emotional functioning 0.529"

Social functioning 0.595"

Body image 0.203*

Eating disturbances 0.559"

Treatment burden 0.438"

Health perceptions 0.554"

Weight 0.234*

Respiratory symptoms 0.545"

Digestion 0.478"

Data are presented as Pearson-r. #: n591. *: p,0.05; ": p,0.0001.

TABLE 3 Healthcare utilisation use per exacerbation#

Healthcare resource Utilisation per hospital exacerbation Utilisation per home exacerbation

Subjects n 150 217

Mean hospital days 9.2 NA

Admitted through ER % of exacerbations 3 NA

Intravenous treatment days 10.4 7.6+

Oral treatment days NA 10

Post-hospital i.v. treatment at home % of exacerbations 50.7 NA

Post-hospital i.v. treatment days 4.9 NA

Follow-up visits" 0.37 0.87

ER: emergency room; NA: not applicable. #: pooled across exacerbations reported in the first year prior to visit 1 and exacerbations reported between visit 1 and visit 2;
": excludes previously scheduled clinic visits and telephone follow-up consulations; +: 42% of home exacerbations treated, for a mean of 18 days per treated exacerbation.
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Healthcare utilisation data provide an important estimate of
the burden of CF treatment on healthcare resources. This is
essential for progression planning and forecasting staffing
requirements, especially with regard to key members of the
multidisciplinary team, e.g. nurses and physiotherapists, who
provide intensive daily treatment during pulmonary exacer-
bation. The effect on reducing pulmonary exacerbation is an
efficacy criterion accepted by regulatory agencies as evidence
of treatment benefit, and pulmonary exacerbations have been
co-primary outcomes for many therapies approved for CF.
Therefore, the healthcare utilisation data from this study
provides important information to facilitate accurate sample
size calculations for future clinical trials.

The majority of patients used inhaled antibiotic maintenance
therapies and this was generally colomycin or tobramycin.
Data from the 2008 UK CF Registry Annual Data Report show
that this is representative of the use of inhaled antibiotics in
other UK CF centres (20% of patients on Tobi1 or Bramitob1;
64% on colomycin/promixin; and 5% on gentamicin). The
higher usage of colistin is likely to be explained by UK
guidelines, which indicate that colistin should be used initially
for treatment of chronic P. aeruginosa and, thereafter, tobra-
mycin should be considered as a second-line treatment
approach in nonresponders. Unlike the rest of Europe, in the
UK, the funding for inhaled antibiotic therapy is dictated by
region. It is very important to increase the evidence-base to
rationalise the use of these and new inhaled therapies and
analyse these treatments to provide data on their cost-
effectiveness.

Although research co-ordinators were encouraged to use
symptom-based criteria to define whether the patient had a
pulmonary exacerbation or not, the actual categorisation of
pulmonary exacerbations in this study was based on the site of
treatment, i.e. the pulmonary exacerbation was defined as
severe if it was treated at the hospital and mild if it was treated
at home (regardless of whether the patient received i.v.
antibiotics or oral therapy). There is no agreed definition for
a pulmonary exacerbation and there is also no agreement on
what constitutes a severe or mild pulmonary exacerbation.
Although it is recognised that there are likely to be differences
between the sites around decision-making for home versus
hospital i.v. therapy, in our study, we assumed that patients
hospitalised for i.v. therapy had severe pulmonary exacerba-
tions requiring daily intensive treatment and medical monitor-
ing. The study does give insights into the health status
associated with pulmonary exacerbations.

The findings are also limited by the small sample size and our
inability to achieve our goal of 30 patients per pulmonary
exacerbation status within the recruitment timeframe. We were
also unable to use the recognised definition for chronic
P. aeruginosa [32], and had to assume that investigators
followed inclusion criteria and recruited patients who had
been diagnosed with chronic P. aeruginosa according to local
criteria. To verify this, we explored patients’ use of main-
tenance inhaled/oral antibiotics, which confirmed that all
patients were likely to have chronic infection. Another limitation
relates to the resource utilisation, which was collected through
retrospective chart review. Only data in the charts could be
included in this study and missing data (e.g. oral antibiotics

courses initiated by the patient’s general practitioner) is a
common problem with these types of studies. Despite these
limitations, which are common to many studies of this design,
the data collected from the patients enrolled in this observational
study contribute new knowledge to the association between EQ-
5D and CFQ-R, decrements associated with pulmonary exacer-
bations, and resource use for patients with CF.

This study has shown that patients with CF and chronic
P. aeruginosa infection have frequent pulmonary exacerbations.
As pulmonary exacerbation status worsens, patients experi-
ence worse HRQoL as measured by CFQ-R and EQ-5D. There
is significant healthcare utilisation associated with pulmonary
exacerbations in CF. Therapies aimed at preventing and
treating pulmonary exacerbations are important to maintain
health status and lung function in CF. This study showed that
the EQ-5D utility index is explained by changes in CFQ-R and,
therefore, our study provides credibility for the use of EQ-5D
for economic evaluation of healthcare interventions in CF.
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